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SUMMARY
A d e t a i l e d  r e v i e w  w a s  m a d e  o f  t h e  f a c t o r s  a f f e c t i n g  t h e  
e s t a b l i s h m e n t  o f  t e a k  ( T e c t o n a  g r a n d i s  L i n n ,  f . )  i n  
p l a n t a t i o n  t o  p r o v i d e  a  g e n e r a l  g u i d e l i n e  f o r  s u c h  w o r k .
T e a k  o c c u r s  n a t u r a l l y  i n  I n d i a ,  B u r m a ,  T h a i l a n d  a n d  L a o s  
w i t h i n  a  r a i n f a l l  l i m i t  o f  7 6 0  - 5 , 0 8 0 m m .  T h e  s p e c i e s  r e q u i r e s  
a t  l e a s t  t w o  m o n t h s  o f  d e f i n i t e  d r y  s e a s o n  a n d  c a n n o t  t o l e r a t e  
i n u n d a t i o n  o r  s e v e r e  d r o u g h t .  T e a k  c a n n o t  s t a n d  s t i f f  c l a y e y  
n o r  l a t e r i t i c  s o i l  a n d  p r e f e r s  a  w e l l  d r a i n e d  d e e p  a l l u v i u m  
o r  s a n d y  l o a m  s o i l .  S o i l  s t r u c t u r e  i s  c o n s i d e r e d  m o r e  i m p o r t a n t  
t h a n  n u t r i e n t  s t a t u s  f o r  t e a k  g r o w t h .
T h e  r e v i e w  o f  t e a k  n u r s e r y  t e c h n i q u e  i n d i c a t e d  t h e  u s e  
o f  a  t e m p o r a r y  n u r s e r y  t o  b e  t h e  b e s t  w h e r e  s c a t t e r e d  s m a l l  
a r e a s  a r e  t o  b e  r e g e n e r a t e d .  I t  i s  n o t  v e r y  r e l i a b l e  t o  u s e  a 
s i t e  f o r  a  p e r m a n e n t  n u r s e r y  f o r  m o r e  t h a n  s e v e n  y e a r s .  T h e  
u s e  o f  s e m i - p e r m a n e n t  n u r s e r y  o r  r o t a t i o n a l  u s e  o f  t h e  n u r s e r y  
s i t e  i s  s u g g e s t e d .  A s u i t a b l e  i n i t i a l  s p a c i n g  i s  1 . 8  x 1 . 8 m .  
T h i n n i n g  s h o u l d  b e  c a r r i e d  o u t  f r e q u e n t l y  a n d  r e g u l a r l y  t o  g e t  
g o o d  r e s p o n s e  a n d  t o  p r e v e n t  s e r i o u s  e r o s i o n .
P r o c e d u r e s  f o r  t r e e  b r e e d i n g  a r e  d i s c u s s e d .  Du e  t o  t h e  
n e e d  f o r  l a t e  f l o w e r i n g  t r e e s  a n d  e a s e  o f  r e p r o d u c t i o n  o f  t h e  
s p e c i e s  v e g e t a t i v e l y , t h e  u s e  o f  c l o n a l  s e e d  o r c h a r d s  i s  
s u g g e s t e d .  W h e r e  c o n t r o l - p o l  l i n a t i  on  i s  r e q u i r e d ,  i s o l a t i o n  
a n d  e m a s c u l a t i o n  s h o u l d  b e  c a r r i e d  o u t  w i t h i n  o n e  h o u r  o f  t h e  
f l o w e r s  b e c o m i n g  f u l l y  o p e n e d .  T h e  b e s t  t i m e  t o  c a r r y  o u t  
p o l l i n a t i o n  i s  b e t w e e n  10 a . m .  a n d  3 p . m .  C on  t  r o  1 - p  o 11 i n  a t  i  on 
i s  h o w e v e r  v e r y  t e d i o u s .  F o r  t h e  a b o v e  r e a s o n s  o p e n  p o l l i n a t e d  
p r o g e n y  t e s t s  a r e  p r e f e r a b l e .
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Due t o  t h e  p o o r  a nd  s p o r a d i c  n a t u r e  o f  g e r m i n a t i o n  o f  
t e a k  s e e d ,  p r e t r e a t m e n t  e x p e r i m e n t s  w e r e  c a r r i e d  o u t .  Fr om 
t h e s e  e x p e r i m e n t s ,  t h e  a l t e r n a t e  s o a k i n g  and  d r y i n g  p r e t r e a t m e n t  
was f o u n d  t o  be  m o s t  s u i t a b l e .  G e r m i n a t i o n  i n  e r e  as ed wi  t h  
t h e  i n c r e a s e  i n  p e r i o d  o f  p r e t r e a t m e n t  f r o m  one  we e k  t o  f o u r  
w e e k s .  V a r i a t i o n  i n  g e r m i n a t i o n  w i t h  p r o v e n a n c e  s h o w e d  t h e  
S o u t h e r n  B u r m e s e  p r o v e n a n c e  t o  b e  mo r e  s u p e r i o r  i n  g e r m i n a t i o n  
t h a n  t h e  N o r t h e r n  B u r m e s e  p r o v e n a n c e .
T e a k  h a s  b e e n  r e c o r d e d  as g r o w i n g  w e l l  w i t h i n  t h e  s h a d e  
t e m p e r a t u r e  r a n g e  o f  1 2 . 5 ° C  -  4 0 ° C .  H o w e v e r ,  s t u d i e s  w i t h  
t e a k  s e e d l i n g s  u n d e r  c o n t r o l l e d  e n v i r o n m e n t  d e m o n s t r a t e d  v e r y  
p o o r  d e v e l o p m e n t  a t  t e m p e r a t u r e s  o f  1 5 ° / 1 0 ° C  ( d a y / n i g h t ) .
S e e d l i n g s  g r e w  w e l l  a t  2 1 ° / 1 6 ° C  b u t  t h e  b e s t  d e v e l o p m e n t  was  
o b s e r v e d  a t  3 6 ° / 3 1 ° C .  G r o w t h  o f  t e a k  s e e d l i n g s  i n c r e a s e d  w i t h  
t h e  i n c r e a s e  o f  b o t h  d a y  a n d  n i g h t  t e m p e r a t u r e s  w i t h i n  t h e  
r a n g e  s t u d i e d .
A s t u d y  o f  t h e  e f f e c t  o f  p h o t o p e r i o d  on t h e  d e v e l o p m e n t  
o f  t e a k  s e e d l i n g s  u n d e r  c o n t r o l l e d  e n v i r o n m e n t s  s h o we d  an 
i n c r e a s e  i n  g r o w t h  w i t h  an i n c r e a s e  i n  p h o t o p e r i o d  f r o m  
e i g h t  t o  t w e l v e  h o u r s .  No f u r t h e r  r e s p o n s e  was  o b s e r v e d  w i t h  
an i n c r e a s e  t o  16 h o u r s .  P h o t o p e r i o d  i s  p r o b a b l y  o f  l i t t l e  
e f f e c t  on t e a k  g r o w t h  i n  t h e  f i e l d .
F u r t h e r  s t u d i e s  o f  p r o v e n a n c e  v a r i a t i o n  s h o w e d  t h a t  i n  
g r o w t h  p e r f o r m a n c e ,  t h e  N o r t h e r n  B u r me s e  p r o v e n a n c e  was  
g e n e r a l l y  t h e  b e s t  a n d  t h e  I n d i a n  t h e  p o o r e s t .  O t h e r  p r o v e n a n c e s  
s h o w e d  v a r i a t i o n  w i t h  t e m p e r a t u r e .  The J a v a n e s e  p r o v e n a n c e  
p e r f o r m e d  w e l l  a t  h i g h e r  d a y  a n d  n i g h t  t e m p e r a t u r e s  w h i l e  t h e  
S o u t h e r  B u r me s e  p r o v e n a n c e  p r e f e r s  t h e  o t h e r  e x t r e m e  o f  t h e  
t e m p e r a t u r e  s t u d i e d .  The  L a o t i a n  p r o v e n a n c e  s h o w e d  p r e f e r e n c e  
f o r  h i g h e r  n i g h t  t e m p e r a t u r e .
V
TABLE OF CONTENTS
P a g e
SUMMARY i i i
LIST OF TABLES AND FIGURES x i
ACKNOWLEDGEMENTS x v i
INTRODUCTION x v i i i
CHAPTER 1
The  i m p o r t a n c e  o f  t h e  B u r m e s e  t e a k  f o r e s t  r e s o u r c e  1
1. 1 Gene r  a l  1
1 . 2  The i m p o r t a n c e  o f  t h e  t i m b e r  r e s o u r c e s  t o  t h e
B u r m e s e  e c o n o m y  3
1 . 3  T i m b e r  p r o d u c t i o n  a n d  e x p o r t  4
CHAPTER I I
F o r e s t  t y p e s  o f  Bur ma  a n d  t h e i r  s u i t a b i l i t y  f o r  t e a k
p l a n t a t i o n s  8
2 . 1  E v e r g r e e n  f o r e s t s  9
2 . 1 . 1  T r o p i c a l  w e t  e v e r g r e e n  9
2 . 1 . 2  T r o p i c a l  s e m i - e v e r g r e e n  9
2 . 2  M i x e d  d e c i d u o u s  f o r e s t s  10
2 . 2 . 1  M o i s t  u p p e r  m i x e d  d e c i d u o u s  f o r e s t s  11
2 . 2 . 2  Dry u p p e r  m i x e d  d e c i d u o u s  f o r e s t s  11
2 . 2 . 3  L o w e r  m i x e d  d e c i d u o u s  f o r e s t s  12
2 . 3  D e c i d u o u s  d i p t e r o c a r p  o r  i n d a i n g  f o r e s t s  13
2 . 4  Dry f o r e s t s  13
2 . 5  H i l l  a n d  t e m p e r a t e  e v e r g r e e n  f o r e s t s  14
2 . 6  T i d a l ,  b e a c h  a n d  d u n e s ,  a n d  swamp f o r e s t s  14
CHAPTER I I I
M a n a g e m e n t  p r o b l e m s  i n  n a t u r a l  f o r e s t s  a n d  t h e
p o s s i b i l i t i e s  f o r  t e a k  p l a n t a t i o n s  i n  Burma  16
3 . 1  Bur ma  s e l e c t i o n  s y s t e m  16
3 . 2  S h o r t c o m i n g s  o f  t h e  p r e s e n t  m a n a g e m e n t  s y s t e m  17
3 . 3  I m p r o v e m e n t  w h i c h  c o u l d  b e  e x p e c t e d  f r o m  t h e
u s e  o f  t e a k  p l a n t a t i o n s  20
3 . 4  D i s a d v a n t a g e s  o f  t e a k  p l a n t a t i o n s  22
v i
P age
CHAPTER IV
The  n a t u r a l  d i s t r i b u t i o n  o f  t e a k  a n d  t h e  f a c t o r s  
a f f e c t i n g  t h e  o c c u r r e n c e  o f  t h e  s p e c i e s  a nd  
t h e  u s e  o f  t h e  s p e c i e s  i n  p l a n t a t i o n  24
4 . 1  N a t u r a l  d i s t r i b u t i o n  24
4 . 2  C l i m a t i c  r e q u i r e m e n t s  25
4 . 2 . 1  R a i n f a l 1 25
4 . 2 . 2  T e m p e r a t u r e  27
4 . 2 . 3  Day l e n g t h  29
4 . 2 . 4  C l i m a t i c  c o n d i t i o n s  o f  Bu r ma  30
4 . 3  E d a p h i c  r e q u i r e m e n t  31
4 . 3 . 1  G e o l o g y  31
4 . 3 . 2  S o i l  35
4 . 4  F i r e  a n d  s u c c e s s i o n  o f  t e a k  f o r e s t s  38
4 . 5  Man a n d  f o r e s t  m a n a g e m e n t  39
4 . 6  C o n c l u s i o n  41
4 . 6 . 1  S i t e  s e l e c t i o n  f o r  t e a k  p l a n t a t i o n s  42
CHAPTER V
F l o w e r i n g ,  s e e d i n g  a n d  g e r m i n a t i o n  44
5 . 1  F l o w e r i n g  44
5 . 2  S e e d  a n d  s e e d  p r o d u c t i o n  48
5 . 3  G e r m i n a t i o n  a n d  d o r m a n c y  o f  t e a k  s e e d  51
5 . 4  S e e d  p r e t r e a t m e n t  54
5 . 5  E x p e r i m e n t  on w i d e  r a n g e  o f  s e e d  p r e t r e a t m e n t  58
5 . 5 . 1  O b j e c t  58
5 . 5  . 2 Mat  e r i  a l s  a nd  me t h  ods  5 8
5 . 5 . 3  M e t h o d  o f  a s s e s s m e n t  59
5 . 5 . 4  R e s u l t s  a n d  d i s c u s s i o n  61
5 . 6  E x p e r i m e n t  on a l t e r n a t e l y  s o a k i n g  a n d  d r y i n g
p r e t r e a t m e n t  o f  t e a k  s e e d  62
5 . 6 . 1  Ob j e c t  62
5 . 6 . 2  M a t e r i a l s  a n d  m e t h o d s  63
5 . 6 . 3  R e s u l t s  a n d  d i s c u s s i o n  64
v i  i
CHAPTER VI P a g e
N u r s e r y  t e c h n i q u e  67
6 . 1  Te a k  n u r s e r y  p r o c e d u r e  67
6 . 2  Ty p e  o f  n u r s e r y  67
6 . 3  S i t e  s e l e c t i o n  70
6 . 4  N u r s e r y  b e d  p r e p a r a t i o n  72
6 . 5  M a i n t e n a n c e  o f  f e r t i l i t y  73
6 . 6  S e e d  s o w i n g  75
6 . 7  t f e e d  a n d  d i s e a s e  77
6 . 7 . 1  Weed 77
6 . 7 . 2  D i s e  as  e 7 8
6 . 8  L i f t i n g  a n d  s t u m p  p r e p a r a t i o n  79
6 . 9  S t o r a g e  a n d  t r a n s p o r t  o f  s t u m p s  80
6 . 1 0  D i s c u s s i o n  81
CHAPTER VI I
F i e l d  e s t a b l i s h m e n t  t e c h n i q u e  83
7 . 1  F i e l d  e s t a b l i s h m e n t  85
7 . 2  T a u n g y a  m e t h o d  as p r a c t i s e d  i n  Bu r ma  83
7 . 3  S i t e  p r e p a r a t i o n  f o r  l a r g e  s c a l e  p l a n t a t i o n
e s t a b l i s h m e n t  87
7 . 4  P l a n t i n g  88
7 . 5  W e e d i n g  90
7 . 6  Use o f  f e r t i l i z e r  i n  t h e  f i e l d  91
7 . 7  Di s  c u s s i o n  92
CHAPTER V I I I
M e t h o d s  o f  m a n i p u l a t i n g  t h e  q u a l i t y  a n d  q u a n t i t y  o f  t e a k
t i m b e r  i n  p l a n t a t i o n  94
8.  1 G e n e r a l  9 4
8 . 2  D e s i r a b l e  c h a r a c t e r i s t i c s  i n  i n d i v i d u a l  s t e m s  o f
t e a k  94
8 . 3  F a c t o r s  a f f e c t i n g  e x p r e s s i o n  o f  t h e  d e s i r a b l e
c h a r a c t e r i  s t i e s 99
viii
P age
8 . 4  The  e f f e c t  o f  s i l v i c u l t u r a l  t r e a t m e n t  on wood
q u a l i t y  99
8 . 4 . 1  I n i t i a l  s p a c i n g  100
8 . 4 . 2  T h i n n i n g  101
CHAPTER IX
V a r i a t i o n  i n  t r e e  s p e c i e s  w i t h  p a r t i c u l a r  r e f e r e n c e
t o  t e a k  105
9 . 1  N a t u r e  o f  v a r i a t i o n  105
9 . 1 . 1  G e n o t y p e  x e n v i r o n m e n t  i n t e r a c t i o n  105
9 . 1 . 2  V a r i a t i o n  t h r o u g h o u t  s p e c i e s  r a n g e  107
9 . 1 . 3  C a u s e s  o f  v a r i a t i o n  109
9 . 1 . 4  The  i m p o r t a n c e  o f  v a r i a t i o n  t o  f o r e s t r y  112
9 . 2  V a r i a t i o n  i n  t e a k  113
CHAPTER X
P o s s i b i l i t i e s  f o r  t r e e  b r e e d i n g  125
1 0 . 1  G e n e r a l  125
1 0 . 2  P r o v e n a n c e  v a r i a t i o n  and  a g u i d e  t o  p r o v e n a n c e
c o l l e c t i o n  i n  Sou. t h  E a s t  A s i a  125
1 0 . 2 . 1  Bu r ma  126
1 0 . 2 . 2  I n d i a  128
1 0 . 2 . 3  T h a i l a n d  130
1 0 . 2 . 4  La os  131
1 0 . 2 . 5  I n d o n e s i a  131
1 0 . 2 . 6  Summa r y  132
1 0 . 3  S e l e c t i o n  a t  i n d i v i d u a l  t r e e  l e v e l  133
1 0 . 3 . 1  T e s t i n g  o f  s e l e c t e d  t r e e s  134
1 0 . 3 . 2  C o n t r o l - p o 1 l i n a t i o n  o f  t e a k  136
1 0 . 4  V e g e t a t i v e  r e p r o d u c t i o n  o f  t e a k  138
1 0 . 4 . 1  B u d d i n  g 138
1 0 . 4 . 2  G r a f t i n g  139
1 0 . 4 . 3  C u t t i n g  140
1 0 . 5  E s t a b l i s h m e n t  o f  s e e d  o r c h a r d  141
1 0 . 6  Summ a r y  1 42
P age
CHAPTER XI
The n e e d  f o r  e x p e r i m e n t a l  s t u d i e s  a n d  d e t a i l s  o f  t h e
e x p e r i m e n t s  c o n d u c t e d .  144
1 1 . 1  I m p o r t a n c e  o f  e x p e r i m e n t a l  s t u d i e s  144
1 1 . 2  E x p e r i m e n t s  c o n d u c t e d  a n d  f a c i l i t i e s  u s e d  145
1 1 . 2 . 1  G e n e r a l  145
1 1 . 2 . 2  F a c i l i t i e s  u s e d  146
1 1 . 3  A s s e s s m e n t  p r o c e d u r e s  147
1 1 . 3 . 1  G e n e r a l  147
1 1 . 3 . 2  A s s e s s m e n t  o f  g r o w t h  148
1 1 . 3 . 3  S t a t i s t i c a l  a n a l y s i s  153
CHAPTER XI I
E f f e c t s  o f  l ow t e m p e r a t u r e  r e g i m e s  on t h e  d e v e l o p m e n t  o f
t e a k  s e e d l i n g s  154
1 2 . 1  Ob j e c t  15 4
1 2 . 2  M a t e r i a l s  a n d  m e t h o d s  154
1 2 . 3  R e s u l t s  157
1 2 . 3 . 1  O v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n  158
1 2 . 3 . 2  D i s t r i b u t i o n  o f  d r y  m a t t e r  160
1 2 . 4  D i s c u s s i o n  a n d  c o n c l u s i o n  161
CHAPTER X I I I
E x p e r i m e n t  to s t u d y  t h e  e f f e c t  o f  p h o t o p e r i o d  a nd  
n i g h t  t e m p e r a t u r e  on t h e  d e v e l o p m e n t  o f  t e a k  
s e e d l i n g s  163
13.  1 Ob j e c t  16 3
1 3 . 2  M a t e r i a l s  a n d  m e t h o d s  163
1 3 . 3  R e s u l t s  165
1 3 . 3 . 1  O v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n  165
1 3 . 3 . 2  Dry m a t t e r  d i s t r i b u t i o n  170
i x
1 3 . 4  D i s c u s s i o n  a n d  c o n c l u s i o n 171
XCHAPTER XIV
E x p e r i m e n t  on g e r m i n a t i o n  o f  t e a k  s e e d  f r o m  f i v e
d i f f e r e n t  p r o v e n a n c e s  172
1 4 . 1  O b j e c t  172
1 4 . 2  M a t e r i a l s  a n d  m e t h o d s  172
1 4 . 3  R e s u l t s  173
1 4 . 4  D i s c u s s i o n  and  c o n c l u s i o n  174
CHAPTER XV
An E x p e r i m e n t  t o  c o m p a r e  t h e  e f f e c t  o f  d a y  a n d  n i g h t  
t e m p e r a t u r e s  on d e v e l o p m e n t  o f  f i v e  p r o v e n a n c e s  
o f t e a k  s e e d l i n g s  177
15 . 1 Obj  e c t  177
1 5 . 2  M a t e r i a l s  a n d  m e t h o d s  177
1 5 . 3  R e s u 1 t s  181
1 5 . 3 . 1  O v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n  i g i
1 5 . 3 . 2  D i s t r i b u t i o n  o f  d r y  m a t t e r  187
1 5 . 4  D i s c u s s i o n  a n d  c o n c l u s i o n  190
1 5 . 4 . 1  P r o v e n a n c e  190
1 5 . 4 . 2  Gr owt h  19 i
1 5 . 4 . 3  Dr y  m a t t e r  d i s t r i b u t i o n  193
CHAPTER XVI
C o n c l u s i o n  195
1 6 . 1  O c c u r r e n c e  195
1 6 . 2  R e q u i r e m e n t s  o f  t h e  s p e c i e s  195
1 6 . 2 . 1  R a i n f a l l  195
1 6 . 2 . 2  T e m p e r a t u r e  196
1 6 . 2 . 3 L i g h t  19 7
1 6 . 2 . 4 S o i l s  197
1 6 . 3  G e r m i n a t i o n  197
1 6 . 4  N u r s e r y  a n d  e s t a b l i s h m e n t  t e c h n i q u e s  198
1 6 . 5  V a r i a t i o n  199
1 6 . 6  P o s s i b i l i t i e s  f o r  t r e e  b r e e d i n g  200
x ( a )
P age
APPENDICES
I .  L i s t  o f  s p e c i e s  c o mmo n l y  f o u n d  i n  t h e  v a r i o u s
f o r e s t  t y p e s  o f  B u r ma .  201
I I .  L i s t  o f  f o r e s t  d i v i s i o n s  i n c l u d e d  i n  t h e
p r o p o s e d  p r o v e n a n c e s  i n  Bu r ma .  205
I I I .  C o m p o s i t i o n  o f  m o d i f i e d  H o a g l a n d  S o l u t i o n .  207
I V.  A n a l y s i s  o f  v a r i a n c e  f o r  p h o t o p e r i o d  e x p e r i m e n t .  208
V. A n a l y s i s  o f  v a r i a n c e  on g e r m i n a t i o n  o f  t e a k
s e e d  f r o m  f i v e  d i f f e r e n t  p r o v e n c e s .  211
VI .  D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t .  2 12
V I I .  A n a l y s i s  o f  v a r i a n c e  f o r  th_e p r o v e n a n c e
e x p e r i m e n t . 221
REFERENCES 224
x i
LI ST OF TABLES AND FIGURES
TABLES
1.  I n c o me  f r o m v a r i o u s  e c o n o m i c s  s e c t o r s  a n d  g r o s s  n a t i o n a l
p r o d u c t s  o f  Bur ma  o v e r  t h e  p e r i o d  1959 - 1 9 6 4 .
2 .  W o r k i n g  p o p u l a t i o n  by  o c c u p a t i o n a l  g r o u p  i n  Bu r ma .
3.  D e t a i l s  o f  t h e  p r i n c i p a l  c o m m o d i t i e s  e x p o r t e d  f r o m
Bu r ma  o v e r  t h e  p e r i o d  1959 - 6 9 .
4.  T i m b e r  p r o d u c t i o n  i n  Bur ma  o v e r  t h e  p e r i o d  1959 - 6 9 .
5 .  E x p o r t s  o f  t e a k  ( l o g  a n d  sawn t i m b e r )  f r o m  Bu r ma  o v e r  t h e
pe  r i  od 19 4 8 - 6 8.
6 .  E x p o r t  p r i c e s  p e r  t o n  ( 50  Ho p p u s  c u b i c  f e e t )  f o r  d r y  a n d
g r e e n  t e a k  r o u n d  l o g s  f r o m  Bur ma  ( 1 9 7 1 )  .
7.  F o r e s t  t y p e s  o f  Bur ma .
8.  C o m p a r i s o n  o f  t h e  mean s t r e n g t h  p r o p e r t i e s  o f  n a t u r a l
a n d  p l a n t a t i o n  g r own  t e a k  as  g i v e n  b y  N a i  r  a n d  
Muke r j i  ( 1 9 5 7 ) .
9 .  M o n t h l y  r a i n f a l l  d i s t r i b u t i o n  f o r  s e l e c t e d  s t a t i o n s  i n
t h e  n a t u r a l  t e a k  z o n e .
10 .  Mean m o n t h l y  t e m p e r a t u r e  f o r  s e l e c t e d  s t a t i o n s  i n  t h e
n a t u r a l  t e a k  z o n e .
11 .  M o n t h l y  r a i n f a l l  d i s t r i b u t i o n  f o r  s e l e c t e d  s t a t i o n s  i n
B u r m a .
12.  Mean m o n t h l y  t e m p e r a t u r e  f o r  s e l e c t e d  s t a t i o n s  i n  Bu r ma .
13.  E f f e c t  o f  g e o l o g i c a l  f o r m a t i o n  on t h e  d i s t r i b u t i o n  o f
t e a k  as  g i v e n  b y  K u l k a r n i  ( 1 9 5 1 ) .
14 .  D e v e l o p m e n t  o f  f r u i t  f r o m  s e l f -  a n d  c r o s s - p o 1 l i n a t i o n
as  g i v e n  b y  Br y n d u m a n d  H e d e g a r t  ( 1 9 6 9 ) .
15 .  E f f e c t  o f  f r e q u e n c y  o f  f l o we r i n g  on g i r t h  a n d  h e i g h t  g r o w t h
o v e r  a f o u r  y e a r  p e r i o d  as  g i v e n  b y  B o o n k i r d  ( 1966)  .
16.  D e t a i l s  o f  t h e  v a r i a t i o n  i n  t h e  p r o p o r t i o n  o f  d a m a g e d
a n d  i m m a t u r e  a n d  v i a b l e  s e e d  w i t h  t i m e  o f  c o l l e c t i o n  
as g i v e n  b y  G ä r t n e r  ( 1956)  .
17 .  C o m p a r i s o n  o f  g e r m i n a t i o n  o f  t e a k  s e e d  i n  n a t u r a l  f o r e s t s
a n d  o pe n  n u r s e r i e s  i n  Bu r ma  as g i v e n  by  Ke r mode  ( 1964)  .
TABLES
xii
18.  R e s u l t s  o f  g e r m i n a t i o n  o f  t e a k  s e e d  t r e a t e d  u n d e r  a
w i d e  r a n g e  s e e d  p r e t r e a t m e n t  m e t h o d s .
19.  G e r m i n a t i o n  v a l u e  ( R e c o r d e d  d a t a ) .
2 0 .  A n a l y s i s  o f  v a r i a n c e  f o r  r e c o r d e d  d a t a .
21 .  G e r m i n a t i o n  v a l u e  ( s u b s t i t u t e d  w i t h  m i s s i n g  p l o t
v a l u e  f o r  a n o m a l o u s  r e c o r d )  .
2 2 .  A n a l y s i s  o f  v a r i a n c e  f o r  d a t a  s u b s t i t u t e d  w i t h  m i s s i n g
p l o t  v a l u e .
2 3 .  A g u i d e  f o r  d e t e r m i n i n g  s o w i n g  r a t e  o f  t e a k  i n  P a p u a
2 New G u i n e a  ( f r o m  W h i t e  a n d  Ca me r o n  ( 1 9 6 5 ) )  b a s e d  on
u n i t  a r e a  ( s q .  m e t r e ) .
2 4 .  E f f e c t  o f  s t u m p  s i z e  on d e v e l o p m e n t  a n d  s u r v i v a l  i n
t h e  f i e l d  i n  T a n g a n y i k a  as  was  g i v e n  by  Anon ( 1963)  .
2 5 .  C u r r e n t  b o n u s  r a t e s  a s  p r e s c r i b e d  b y  t h e  f o r e s t
d e p a r t m e n t  i n  Bur ma .
2 6 .  C o m p a r i s o n  o f  c o s t  o f  e s t a b l i s h m e n t  ( p e r  h e c t a r e )  by
t h e  D e p a r t m e n t a l  a n d  T a u n g y a  m e t h o d .
27 .  P r o p e r t i e s  o f  t e a k  wood  f r o m  d i f f e r e n t  l o c a l i t i e s
as  g i v e n  by  N a i r  a n d  M u k e r j i  ( 1 9 5 7 ) .
2 8 .  R e s u l t s  o f  t e a k  p r o g e n y  t r i a l  a t  K i h u w i , T a n z a n i a  as
g i v e n  b y  P e r s s o n  ( 1 9 7 1 ) .
2 9 .  C o m p a r a t i v e  d a t a  f o r  I n d i a n  a n d  B u r m e s e  p r o v e n a n c e s
as  g i v e n  by  B e a r d  ( 1943)  .
30 .  R e s u l t s  o f  p r o v e n a n c e  t r i a l  c a r r i e d  o u t  i n  N i l a m b u r
as g i v e n  by  M a t h a n d a  ( 1 9 5  1) .
31 .  R e s u l t s  o f  p r o v e n a n c e  t r i a l  c a r r i e d  o u t  i n  S o u t h
C o i m b a t o r e  as  g i v e n  by  M a t h a u d a  ( 1 9 5 1 ) .
3 2 .  C o m p a r i s o n  o f  g e r m i n a t i o n  a n d  h e i g h t  g r o w t h  o f  l o c a l
a n d  e x o t i c  p r o v e n a n c e s  as  g i v e n  b y  W y a t t - S m i t h  ( 1 9 6 1 ) .
3 3 .  C l i m a t i c  d a t a  f o r  p r o p o s e d  p r o v e n a n c e s  i n  Bu r ma .
3 4 .  P e r c e n t a g e  o f  ' t a k e '  i n  c l e f t  g r a f t i n g  a t  d i f f e r e n t
m o n t h s  o f  t h e  y e a r  as  g i v e n  b y  Ra wa t  and  K e d h a r n a t h  
( 1968)  .
3 5 .  Mean r e s u l t s  f o r  o v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n
o f  f i v e  s e e d l i n g s  a t  t h e  t e m p e r a t u r e s  i n d i c a t e d  
a f t e r  27 d a y s .
3 6 .  A n a l y s i s  o f  v a r i a n c e  f o r  l ow t e m p e r a t u r e  r e g i m e s
e x p e r i m e n t .  O v e r a l l  g r o w t h  a nd  d r y  m a t t e r  p r o d u c t i o n .
x i i  i
TABLES
3 7 .  Summar y  o f  r e s u l t s  f o r  d r y  m a t t e r  d i s t r i b u t i o n .
3 8 .  A n a l y s i s  o f  v a r i a n c e  f o r  l ow t e m p e r a t u r e  r e g i m e  e x p e r i ­
m e n t .  Dry m a t t e r  d i s t r i b u t i o n .
39 .  A v e r a g e  h e i g h t  o f  s e e d l i n g  at i n i t i a l  h e i g h t  m e a s u r e m e n t s
t a k e n  on t h e  2 4 t h  da y  o f  t h e  t r e a t m e n t .
40 .  R e s u l t s  o f  p h o t o p e r i o d  e x p e r i m e n t  on d r y  m a t t e r
p r o d u  c t i o n  .
4 1 . 1  S t a t i s t i c a l  a n a l y s i s  f o r  d r y  m a t t e r  p r o d u c t i o n .
4 1 . 2  S t a t i s t i c a l  a n a l y s i s  f o r  d i a m e t e r  a n d  h e i g h t  g r o w t h .
42 .  R e s u l t s  o f  p h o t o p e r i o d  e x p e r i m e n t  on d r y  m a t t e r
d i  s t  r i b u  t i  on .
43.  S t a t i s t i c a l  a n a l y s i s  f o r  d r y  m a t t e r  d i s t r i b u t i o n .
44 .  R e s u l t s  o f  g e r m i n a t i o n  o f  p r o v e n a n c e s  s t u d i e d .
45 .  Nu mb e r  o f  p a i r s  o f  s e e d l i n g s  u s e d  f o r  e a c h  p r o v e n a n c e
a n d  e a c h  t r e a t m e n t .
46 .  Summar y  o f  t h e  r e s u l t s  o f  a l l  t h e  p a r a m e t e r s  s t u d i e d
i n  t h e  p r o v e n a n c e  e x p e r i m e n t .
FI  GURES
1.  G e n e r a l  map o f  Bur ma  s h o w i n g  t h e  i m p o r t a n t  t o w n s ,
r i v e r s  a n d  m o u n t a i n  r a n g e s  i n  t h e  c o u n t r y .
2 .  G r a p h  s h o w i n g  t h e  e x p o r t  v a l u e  o f  p r i n c i p a l  c o m m o d i t i e s
i n  Bur ma  a n d  t h e  d e c l i n e  i n  r i c e  e x p o r t .
3 .  Gr a p h  s h o w i n g  t h e  r i s e  i n  e x p o r t  p r i c e  p e r  t o n  o f  t e a k .
4 .  Map s h o w i n g  t h e  f o r e s t  t y p e s  o f  Bu r ma .
5 .  Map s h o w i n g  t h e  n a t u r a l  d i s t r i b u t i o n  o f  t e a k  a n d  t h e
l o c a t i o n  o f  t h e  s e l e c t e d  w e a t h e r  s t a t i o n s  i n  t h e  
n a t u r a l  t e a k  z o n e .
6 .  Map o f  Bu r ma  s h o w i n g  t h e  s i t u a t i o n  o f  t h e  s e l e c t e d
w e a t h e r  s t a t i o n s .
7 . 1  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  and  d i s t r i b u t i o n  o f  
m o n t h l y  t e m p e r a t u r e  o f  f o u r  s e l e c t e d  s t a t i o n s  i n  
t h e  n a t u r a l  t e a k  z o n e .
x i v
FI GURES
7 . 2  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  a n d  d i s t r i b u t i o n  o f  
m o n t h l y  r a i n f a l l  a n d  m o n t h l y  t e m p e r a t u r e  o f  f o u r  
s e l e c t e d  s t a t i o n s  i n  t h e  n a t u r a l  t e a k  z o n e .
8 . 1  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  a n d  d i s t r i b u t i o n  o f
m o n t h l y  r a i n f a l l  a nd  m o n t h l y  t e m p e r a t u r e  o f  f o u r  
s e l e c t e d  s t a t i o n s  i n  Bu r ma .
8 . 2  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  a n d  d i s t r i b u t i o n  o f
m o n t h l y  r a i n f a l l  a n d  m o n t h l y  t e m p e r a t u r e  o f  f o u r  
s e l e c t e d  s t a t i o n s  i n  Bu r ma .
8 . 3  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  a n d  d i s t r i b u t i o n  o f
m o n t h l y  r a i n f a l l  a n d  m o n t h l y  t e m p e r a t u r e  o f  t wo 
s e l e c t e d  s t a t i o n s  i n  Bu r ma .
8 . 4  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  a n d  d i s t r i b u t i o n  o f
m o n t h l y  r a i n f a l l  a n d  m o n t h l y  t e m p e r a t u r e  o f  t wo 
s e l e c t e d  s t a t i o n s  i n  Bu r ma .
8 . 5  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  a n d  d i s t r i b u t i o n  o f
m o n t h l y  r a i n f a l l  a n d  m o n t h l y  t e m p e r a t u r e  o f  t h r e e  
s e l e c t e d  s t a t i o n s  i n  Bu r ma .
9 .  H i s t o g r a m  s h o w i n g  t h e  e f f e c t s  o f  d i f f e r e n t  p e r i o d s  o f  
a l t e r n a t e  s o a k i n g  a n d  d r y i n g  p r e t r e a t m e n t  a n d  
t e m p e r a t u r e  on g e r m i n a t i o n  v a l u e  o f  t e a k  s e e d .
10.  P r o p o s e d  T e a k  P r o v e n a n c e s  i n  S o u t h  E a s t  A s i a .
11.  D i a g r a m  s h o w i n g  t h e  w o r k i n g  p r i n c i p l e  o f  an a i r f l o w
p 1 a n i me  t e  r .
1 2 . 1  The  r e s p o n s e  o f  t e a k  s e e d l i n g s  i n  ( a )  d r y  w e i g h t  (b)
h e i g h t  ( c) r e l a t i v e  h e i g h t  g r o w t h  a n d  ( d)  r e l a t i v e  
l e a f  g r o w t h  t o  t h e  low t e m p e r a t u r e  r e g i m e s  s t u d i e d .
1 2 . 2  The r e s p o n s e  o f  t e a k  s e e d l i n g s  i n  ( a )  l e a f  a r e a ,  and
( b)  l e a f  a r e a  r a t i o  t o  t h e  low t e m p e r a t u r e  r e g i m e s  
s t u d i e d .
13.  The  e f f e c t  o f  low t e m p e r a t u r e  r e g i m e s  s t u d i e d  on t h e
g r o w t h  a n d  d e v e l o p m e n t  o f  p o t t e d  t e a k  s e e d l i n g s  g r own  
i n  t h e  p h y t o t r o n .
14 .  The  e f f e c t  o f  t h e  l ow t e m p e r a t u r e  r e g i m e s  s t u d i e d  on
t h e  d i s t r i b u t i o n  o f  d r y  m a t t e r  i n  t e a k  s e e d l i n g s .
15 .  The  e f f e c t s  o f  p h o t o p e r i o d  a t  22°C a n d  28° C n i g h t
t e m p e r a t u r e s  on t h e  NAR a nd  LAR o f  p o t t e d  t e a k  s e e d l i n g s .
16 .  The  r e s p o n s e  i n  h e i g h t  a n d  d i a m e t e r  g r o w t h  o f  t e a k
s e e d l i n g s  t o  8 h , 12h a n d  16h p h o t o p e r i o d s  a n d ,
22 ° C a n d  2 8 ° C n i g h t  t e m p e r a t u r e s .
17 .  The  i n c r e a s e  i n  d i s t r i b u t i o n  o f  d r y  m a t t e r  t o w a r d s
t h e  s t e m  w i t h  t h e  i n c r e a s e  i n  p h o t o p e r i o d  f r o m  8h 
t o  12h a n d  t h e  n i g h t  t e m p e r a t u r e  f r o m  22° C t o  2 8 ° C .
X V
FI GURES 
18.
19 . 1 
19 .2
19 . 3
20 . 1 
2 0 . 2  
2 1 . 1  
2 1. 2  
2 1 . 3  
2 1 . 4  
2 1 . 5  
22 . 1
22 .2
22 . 3
22 . 4
C o m p a r a t i v e  v a l u e s  f o r  p e a k  v a l u e ,  mean d a i l y
g e r m i n a t i o n  a nd  g e r m i n a t i o n  v a l u e  o f  t h e  f i v e  
p r o v e n a n c e s  s t u d i e d .
D i a m e t e r  i n c r e m e n t s  o f  t h e  f i v e  p r o v e n a n c e s  s t u d i e d  
u n d e r  22° C a nd  31°C n i g h t  t e m p e r a t u r e s .
D i a m e t e r  i n c r e m e n t s  o f  t h e  f i v e  p r o v e n a n c e s  s t u d i e d  
u n d e r  3 0 ° C ,  33°C a n d  36°C d a y  t e m p e r a t u r e s .
The  r e l a t i v e  d i a m e t e r  g r o w t h  o f  t e a k  s e e d l i n g s  a t
3 0 ° C ,  33°C a n d  36°C d a y  t e m p e r a t u r e s  a n d  22°C a n d  
31°C n i g h t  t e m p e r a t u r e s .
H e i g h t  i n c r e m e n t  o f  t e a k  s e e d l i n g s  a t  3 0 ° C ,  33°C a n d  36°C 
d a y  t e m p e r a t u r e s  a n d  22 ° C a nd  31°C n i g h t  t e m p e r a t u r e s .
The  r e l a t i v e  h e i g h t  g r o w t h  o f  t h e  p r o v e n a n c e s  s t u d i e d  
u n d e r  22° C a nd  31°C n i g h t  t e m p e r a t u r e s .
The  i n c r e a s e  i n  NAR w i t h  t h e  i n c r e a s e  i n  d a y  t e m p e r a t u r e  
f r o m  30 ° C t o  3 6 ° C .
The  d e c r e a s e  i n  LAR w i t h  t h e  i n c r e a s e  i n  d a y  t e m p e r a t u r e  
f r o m 30 ° C t o  3 6 ° C .
The  c o m p a r a t i v e  v a l u e s  o f  LAR o f  t h e  f i v e  p r o v e n a n c e s  
s t u d i e d .
The  i n c r e a s e  i n  RGR w i t h  t h e  i n c r e a s e  i n  n i g h t  
t e m p e r a t u r e  f r o m  22° C t o  3 1 ° C .
The  i n c r e a s e  i n  LAR w i t h  t h e  i n c r e a s e  i n  n i g h t  
t e m p e r a t u r e  f r o m  22° C t o  3 1 ° C .
The  r e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t  a t  3 0 ° C ,  33° C a nd  
36°C d a y  t e m p e r a t u r e s  a nd  22°C a n d  30°C n i g h t  
t e mp e  r a t u r e s .
The  r e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  t o  t o t a l  w e i g h t  
o f  t h e  p r o v e n a n c e s  s t u d i e d  a t  22° C a nd  31°C n i g h t  
t e m p e r a t u r e s .
Th e  r e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  t o  t o t a l  w e i g h t  
a t  3 0 ° C ,  3 3 ° C ,  a n d  36° C d a y  t e m p e r a t u r e s  a n d  22°C 
a n d  31°C n i g h t  t e m p e r a t u r e s .
The  r e l a t i v e  g r o w t h  o f  s t em a n d  l e a f  t o  t o t a l  w e i g h t  
a t  22° C a n d  31° C n i g h t  t e m p e r a t u r e s .
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INTRODUCTION
T e a k  ( Te c t  on a g r  an d i  s L i n n .  F . )  , w h i c h  o c c u r s  n a t u r a l l y  
i n  S o u t h  E a s t  A s i a ,  i s  one  o f  t h e  mo s t  i m p o r t a n t  t i m b e r  s p e c i e s  
i n  t h e  t r o p i c s .  I t  i s  an a l l  r o u n d  u t i l i t y  t i m b e r ,  a n d  t h e  
p r o p e r t i e s  p o s s e s s e d  b y  t e a k ,  n a m e l y ,  s t r e n g t h ,  h a r d n e s s ,  
d u r a b i l i t y ,  s t a b i l i t y ,  an t i  - c o r r o s  i v e n e  s s  , a n t i - f u n g a l ,  a n t i -  
t e r m i t i c ,  e a s i l y  w o r k a b i l i t y ,  a n d  g o o d  a p p e a r a n c e ,  h a v e  made 
i t  a g r e a t l y  s o u g h t - a f t e r  t i m b e r ,  ( H o w a r d ,  19 4 8 ;  Da C o s t a  
e t  a 1 . , 195 8,  196 1 ; Rudman e t  aj_. , 1966)  . Due t o  t h e s e  
p r o p e r t i e s ,  i t  i s  e x t e n s i v e l y  u s e d  f o r  s h i p  d e c k i n g ,  c o n s t r u c t i o n  
o f  r a i l w a y  c a r r i a g e s ,  d o o r  a n d  wi n d o w f r a m e s ,  f l o o r i n g ,  
l a b o r a t o r y  t a b l e s ,  p a n e l l i n g ,  a n d  m o s t  o f  a l l  f o r  f u r n i t u r e  
m a k i n g .  The de ma nd  f o r  t e a k  i n  t h e  w o r l d  m a r k e t  i s  v e r y  h i g h ,  
a n d  c o n s e q u e n t l y ,  many t r o p i c a l  c o u n t r i e s  o u t s i d e  t h e  n a t u r a l  
t e a k  z o n e  a r e  e i t h e r  now i n t r o d u c i n g  t e a k  as  an e x o t i c  o r  
c o n s i d e r i n g  d o i n g  s o  ( La mb ,  195 7 ; C h a l m e r s ,  1962 ; S t r e e t s ,
1962 ; C a m e r o n ,  1963  ; H o r n e ,  1 9 6 6 ) .
D e s p i t e  t h e  i m p o r t a n c e  o f  t e a k  as a t i m b e r  s p e c i e s ,  t h e r e  
e x i s t s  n e i t h e r  a c o m p r e h e n s i v e  s u mma r y  o f  f a c t o r s  r e l e v a n t  t o  
d e v e l o p m e n t  o f  t e a k  p l a n t a t i o n s  n o r  a d e t a i l e d  map o f  t h e  
n a t u r a l  d i s t r i b u t i o n  o f  t h e  s p e c i e s ,  ( K e i d i n g ,  p e r s o n a l  
c o r r e s p o n d e n c e ) .  C o n s e q u e n t l y ,  t h e r e  i s  a d a n g e r  t h e  i n t r o d u c t i o n  
o f  t h e  s p e c i e s  may be  c o n d u c t e d  h a p h a z a r d l y .  I n  s u c h  a 
s i t u a t i o n ,  d e d u c t i o n s  may be  made  on t h e  r e s u l t s  o b t a i n e d  f r o m 
t r i a l  p l o t s  w i t h o u t  t a k i n g  i n t o  a c c o u n t  t h e  t e a k  p r o v e n a n c e s  
c o n c e r n e d ,  t h e  s u i t a b i l i t y  o f  t h e  l o c a t i o n s  f o r  t e a k ,  o r  t h e  
p r o b l e m s  a s s o c i a t e d  w i t h  t h e  s p e c i e s  i n  p l a n t a t i o n  f o r m .
x i x
I n  t h i s  t h e s i s ,  t h e  i n f o r m a t i o n  a v a i l a b l e  on t e a k  h a s  
b e e n  s u m m a r i z e d  t o  p r o v i d e  a r e f e r e n c e  f r o m w h i c h  t e n t a t i v e  
g u i d e l i n e s  c o u l d  be  d r a wn  t o  a s s i s t  p l a n t a t i o n  p r o g r a m m e s .  The  
v a l u e  o f  t h e  s p e c i e s  h a s  b e e n  d e m o n s t r a t e d  by  a c l o s e  
e x a m i n a t i o n  o f  t h e  e c o n o my  o f  one c o u n t r y  i n  p a r t i c u l a r  CBurma)  . 
P o s s i b l e  f u t u r e  d e v e l o p m e n t s  o f  t e a k  f o r e s t r y  o f  Bur ma  a r e  
c o n s i d e r e d ,  i n c l u d i n g  t h e  n e e d  f o r  e x t e n s i v e  p l a n t a t i o n  
e s t a b l i s h m e n t  p r o g r a m m e s .  G e n e r a l  p l a n t a t i o n  p r o c e d u r e s  f o r  
t h e  s p e c i e s  a r e  r e v i e w e d ,  a n d  t i e  d i f f i c u l t i e s  o f  p l a n t a t i o n  
e s t a b l i s h m e n t  o f  t e a k  a r e  d i s c u s s e d .  An e x a m i n a t i o n  o f  t h e  
s p e c i e s  d i s t r i b u t i o n  a n d  v a r i a t i o n  a n d  a r e v i e w  o f  t h e  f o r e s t  
t y p e s  w i t h  w h i c h  t h e  s p e c i e s  i s  a s s o c i a t e d  a r e  i n c l u d e d  as 
e s s e n t i a l  a i d s  t o  p l a n t a t i o n  e s t a b l i s h m e n t .
The  m a j o r  p r o b l e m s  a s s o c i a t e d  w i t h  t e a k  p l a n t a t i o n s  
i n  c l u d e :
( i )  The  d i f f i c u l t y  o f  o b t a i n i n g  a d e q u a t e  s e e d  g e r m i n a t i o n  
b o t h  i n  t h e  f i e l d  a n d  i n  t h e  l a b o r a t o r y .
( i i )  A l a c k  o f  k n o w l e d g e  o f  t h e  m a j o r  c l i m a t i c  f a c t o r s  
a s s o c i a t e d  w i t h  v a r i a t i o n  p a t t e r n s  w i t h i n  t h e  s p e c i e s .
B o t h  t h e s e  p r o b l e m s  a r e  e x a m i n e d ,  u s i n g  e x p e r i m e n t a l  
p r o c e d u r e s .  The  f o r m e r  i n  d e t a i l  a n d  t h e  l a t t e r  b y  me a ns  o f  
a p r e l i m i n a r y  s t u d y  u s i n g  s e e d l i n g  m a t e r i a l  i n  c o n t r o l l e d  
e n v i r o n m e n t s .
The  r e v i e w  a n d  t h e  e x p e r i m e n t s  h a v e  e n a b l e d  some d e f i n i t e  
g u i d e l i n e s  t o  be  d e t e r m i n e d  f o r  t h e  e s t a b l i s h m e n t  o f  t e a k  i n  
p l a n t a t i o n  e i t h e r  as  an i n d i g e n o u s  s p e c i e s  o r  as  an e x o t i c  f o r  
S o u t h  E a s t  A s i a .  L e s s  d e f i n i t e  s u g g e s t i o n s  a r e  made  f o r
e s t a b l i s h m e n t  e l s e w h e r e .
CHAPTER 1
THE IMPORTANCE OF THE BURMESE TEAK 
FOREST RESOURCE
1.1 General
Burma has a total area of 677,782 sq km and is situated 
within latitudes 29°N and 10°N with approximately 75 per 
cent of the country within the tropics. The country has 
over 1,900 km of continuous coastline to the southwest 
along the Bay of Bengal. Inland, Burma has common boundaries 
with the Republic of Bangladesh, India, China, Laos and 
Thailand (Figure 1) .
Topographically, the country has three major drainage 
systems based on the rivers, Irrawaddy, Sittang and Salween, 
all three of which run from north to south, separated by 
mountain ranges and plateaux (Figure 1). These rivers, with 
their major tributaries provide over 8,000 km of commercially 
navigable waterways, and an additional several thousand 
kilometres can be used by small local crafts (boats and 
sampans) (Anon 1952) . The rivers are widely used and provide 
the major transportation system. Consequently, the major 
towns and cities are usually situated on waterways.
Burma has a population of 28 million and the two 
principal cities of the country are Rangoon and Mandalay 
(Figure 1). Rangoon, the capital and business centre is also 
the largest port and has a population of approximately 1.8 
million. Mandalay, the second largest city of the country
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2was  t h e  l a s t  c a p i t a l  o f  t h e  B u r m e s e  k i n g s .  I t  i s  t h e  o n l y  
m a j o r  i n l a n d  c i / t y ,  b u t  i s  c l o s e l y  l i n k e d  t o  Ra n g o o n  by  
w a t e r w a y  a n d  a l s o  by  r a i l ,  r o a d  a n d  a i r .
O t h e r  c i t i e s  a n d  t o w n s  o f  c o m m e r c i a l  i m p o r t a n c e  h o w e v e r  
a r e  m a i n l y  s e a p o r t s .  A p a r t  f r o m  R a n g o o n ,  t h e r e  a r e  f i v e  
m a j o r  s e a p o r t s  w h i c h  i n c l u d e  A k y a b , B a s s e i n ,  M o u l m e i n ,  T a v o y ,  
M e r g u i  a n d  o t h e r  p o r t s  o f  l e s s e r  i m p o r t a n c e  i n c l u d e  K y a u k p y u ,  
S a n d o w a y  a n d  V i c t o r i a  P o i n t  ( F i g u r e  1 ) .
The  c o u n t r y  i s  l a r g e l y  u n d e r d e v e l o p e d  w i t h  t h e  p e o p l e  
h e a v i l y  d e p e n d e n t  on n a t u r a l  r e s o u r c e s ,  a n d  p a r t i c u l a r l y  on 
a g r i c u l t u r e .  T h i s  d e p e n d e n c e  i s  e v i d e n t  i n  t h e  b r e a k d o w n  
o f  t h e  g r o s s  n a t i o n a l  p r o d u c t  (GNP) ( T a b l e  1 ) .  3 2 . 6  p e r  c e n t
o f  t h e  GNP i s  a t t r i b u t e d  d i r e c t l y  t o  t h e  r u r a l  i n d u s t r i e s  o f  
a g r i c u l t u r e ,  f o r e s t r y  a n d  f i s h e r y .  I n  a d d i t i o n ,  a s u b s t a n t i a l  
p r o p o r t i o n  o f  t h e  c o n t r i b u t i o n  f r o m  h e a v y  a n d  s e c o n d a r y  
i n d u s t r y  ( 1 5 . 0  p e r  c e n t ) ,  a n d  t r a d e  ( 2 4 . 2  p e r  c e n t )  i s  a l s o  
b a s e d  on a g r i c u l t u r e  a n d  f o r e s t r y .
The  i m p o r t a n c e  o f  a g r i c u l t u r e  i s  f u r t h e r  e m p h a s i s e d  i n  
t h e  b r e a k d o w n  o f  t h e  l a b o u r  f o r c e  b e t w e e n  t h e  v a r i o u s  
i n d u s t r i e s  ( T a b l e  2 ) .  66 p e r  c e n t  o f  t h e  w o r k i n g  p o p u l a t i o n
o f  t h e  c o u n t r y  i s  i n v o l v e d  i n  a g r i c u l t u r a l  w o r k  w h i l s t  
c o m p a r a b l e  f i g u r e s  f o r  i n d u s t r y  a n d  m i n i n g  a r e  7 . 2 3  p e r  c e n t  
a n d  0 . 2 8  p e r  c e n t  r e s p e c t i v e l y .  S u r p r i s i n g l y ,  d e s p i t e  t h e  
h i g h  p r o p o r t i o n  o f  t h e  p o p u l a c e  e n g a g e d  i n  a g r i c u l t u r a l  w o r k ,  
o n l y  27 p e r  c e n t  o f  t h e  c o u n t r y  i s  u t i l i z e d  f o r  a g r i c u l t u r a l  
p r o d u c t i o n ,  w i t h  o n l y  11 p e r  c e n t  a c t u a l l y  u n d e r  p r o d u c t i o n  
a t  a ny  o n e  t i m e ,  t h e  r e m a i n i n g  16 p e r  c e n t  s t a n d i n g  f a l l o w  
( An o n .  1 9 7 0 a ) .  C l e a r l y ,  t h e r e f o r e ,  a v e r y  l a r g e  p r o p o r t i o n  o f  
t h e  l a n d  a r e a  i s  o n l y  c o n t r i b u t i n g  m a r g i n a l l y  t o  t h e  e c o n o my  
o f  t h e  c o u n t r y .
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3The  q u o t e d  f i g u r e  i n  T a b l e  2 f o r  t h e  p r o p o r t i o n  ( 0 . 9 5  
p e r  c e n t )  o f  t h e  wo r k  f o r c e  e n g a g e d  i n  f o r e s t r y  i s  m i s l e a d i n g .  
A l l  t h e  m a j o r  a g r i c u l t u r a l  c r o p s  p r o d u c e d  i n c l u d i n g  p a d d y ,  
p u l s e s ,  m a i z e ,  s e s a m u m ,  g r o u n d n u t ,  p o t a t o e s ,  c o t t o n ,  
t o b a c c o ,  s u g a r  c a n e  a nd  j u t e  a r e  s e a s o n a l  i n  t h e i r  l a b o u r  
r e q u i r e m e n t s .  T h u s ,  many  o f  t h e  p o p u l a t i o n  l i s t e d  i n  T a b l e  
2 as e n g a g e d  i n  a g r i c u l t u r a l  w o r k  w o u l d  n o t  be s o  e n g a g e d  
t h r o u g h o u t  t h e  w h o l e  y e a r .  I n  t h e  o f f  s e a s o n ,  many w o u l d  be  
e n g a g e d  i n  o t h e r  o c c u p a t i o n s ,  p a r t i c u l a r l y  f o r e s t r y .  F o r e s t r y  
t h e r e f o r e  w h i l s t  c o n t r i b u t i n g  d i r e c t l y  t o  t h e  GNP o f  t h e  
c o u n t r y  a l s o  p r o v i d e s  s t a b i l i t y  f o r  t h e  l a b o u r  f o r c e  and  
r e l i e v e s  t h e  u n e m p l o y m e n t  p r o b l e m  o f  a g r i c u l t u r a l  l a b o u r  
d u r i n g  t h e  o f f  s e a s o n .
1 . 2  The  i m p o r t a n c e  o f  t h e  t i m b e r  r e s o u r c e s  t o  t h e  Bu r me s e
e conomy
The  ma i n  e x p o r t  c o m m o d i t i e s  o f  Bur ma  a r e  r i c e ,  o t h e r  
a g r i c u l t u r a l  p r o d u c t s ,  m i n i n g  p r o d u c t s  i n c l u d i n g  s i l v e r ,  b a s e  
m e t a l s  a n d  o r e s ,  a n d  a l s o  p a r a f f i n  w a x ,  a n d  t i m b e r ,  
p a r t i c u l a r l y  t e a k  ( T a b l e  3 ) .  The t r a d i n g  s e c t i o n  i s  h e a v i l y  
d e p e n d e n t  on t h e  a g r i c u l t u r a l ,  f o r e s t  a n d  m i n i n g  p r o d u c t s ,  
f o r  t h e s e  a r e  t h e  o n l y  p r o d u c t s  p r e s e n t l y  a b l e  t o  c o m p e t e  i n  
f o r e i g n  m a r k e t s  a n d  c a p a b l e  o f  e a r n i n g  s u b s t a n t i a l  q u a n t i t i e s  
o f  f o r e i g n  e x c h a n g e .
R i c e  c o n s t i t u t e s  t h e  ma i n  e x p o r t  o f  t h e  c o u n t r y  a n d  h a s  
d o n e  s o  f o r  many y e a r s  ( T a b l e  3) . From 1955 t o  195 7 , B u r m a ' s  
r i c e  e x p o r t  a c c o u n t e d  f o r  a p p r o x i m a t e l y  30 p e r  c e n t  o f  t h e  
w o r l d ' s  t o t a l ,  w i t h  t h e  c o u n t r y  a s  t h e  w o r l d ' s  l a r g e s t  r i c e  
e x p o r t e r .  H o w e v e r ,  s i n c e  e a r l y  1962 , e x p o r t  o f  r i c e  h a s  
s t e a d i l y  d e c l i n e d  ( F i g u r e  2 ) .  By 1969 , t h e  s i t u a t i o n  h a d  
d e t e r i o r a t e d  t o  t h e  s t a g e  w h e r e  Bur ma  h a d  l o s t  i t s  r o l e  as
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4the world’s leading rice exporting country to the United 
States of America, and Burmese rice accounted for only seven 
per cent of the world's total export. The drop in rice 
export is made more serious by the ’Green Revolution’ under 
which many people, particularly Japanese are changing from 
rice to wheat as the staple diet. Prospects for a substantial 
improvement in future rice exports from Burma are therefore 
not good. Exports of other agricultural products have also 
declined from Kyats 214 million to Kyats 90 million over the 
period 1964-69. In 1968-69, Burma clearly depended very 
heavily on its timber export which constituted 30 per cent 
of total exports by value although rice was still the leading 
export commodity. Indeed, in the absence of any indication of 
mining development, and with the steady decline in rice 
export, Burma may need to depend even more heavily on timber 
export in the future.
1.3 Timber production and export
In Burma, forestry administration is divided into two 
sections, namely the Forest Department and the State Timber 
Board. The Forest Department is responsible for all the 
silvicultural works in the forests, i.e. regeneration, 
improvement and marking of trees for extraction. The State 
Timber Board is responsible for extraction, milling and 
marketing of trees selected by the Forest Department.
At present, the forests of Burma are capable of maintain­
ing a sustained annual yield of 450,000 tons of teak and 
2,400,000 tons of other commercial hardwoods (Maung Gale (1),
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51 9 6 8 ) ^ . H o w e v e r ,  b e c a u s e  o f  d i f f i c u l t i e s  o f  e x t r a c t i o n  a nd  
c o m m u n i c a t i o n s ,  o n l y  2 8 0 , 0 0 0  t o n s  o f  t e a k  and  6 6 0 , 0 0 0  t o n s  
o f  o t h e r  c o m m e r c i a l l y  i m p o r t a n t  h a r d w o o d s  a r e  b e i n g  e x t r a c t e d  
a n n u a l l y  on a v e r a g e  ( T a b l e  4 ) .
The e x p o r t  o f  t i m b e r ,  p a r t i c u l a r l y  t e a k  a p p e a r s  t o  h o l d  
v e r y  g o o d  p r o s p e c t s  f o r  Bu r ma .  The  p o p u l a r i t y  o f  t e a k  i s  due 
t o  t h e  c o m b i n a t i o n  o f  an a t t r a c t i v e  a p p e a r a n c e  a n d  d e s i r a b l e  
wood p r o p e r t i e s ,  p a r t i c u l a r l y  s t r e n g t h ,  d u r a b i l i t y ,  s t a b i l i t y ,  
l i g h t n e s s  i n  w e i g h t  a nd  r e s i s t a n c e  t o  c o r r o s i o n  b y  a c i d s  i n  
l a b o r a t o r i e s  ( An o n .  1 9 5 6 b ,  M y i n t  Au n g ,  1 9 6 7 ) .  I t  i s  a l s o  
e a s i l y  w o r k e d  and  w i l l  p r o b a b l y  a l w a y s  b e  c o n s i d e r e d  a h i g h  
q u a l i t y  a n d  u s e f u l  t i m b e r .  The  e x p o r t  p r i c e  o f  t e a k  h a s  b e e n  
r i s i n g  s t e a d i l y  f r o m K y a t s  825 ( $ A1 2 6 )  p e r  t o n  t o  K y a t s  1 , 4 0 6  
( $ A 2 1 4 ) p e r  t o n  w i t h i n  t h e  p e r i o d  1958  t o  1968  ( T a b l e  5 ,
F i g u r e  3 ) ,  i n d i c a t i n g  h i g h  w o r l d  d e ma n d  f o r  t h e  t i m b e r .  I n d e e d  
t h e  p r e s e n t  w o r l d  r e q u i r e m e n t  i s  s o  h e a v y  t h a t  Bur ma  i s  u n a b l e  
t o  s a t i s f y  t h e  d e ma n d  ( p e r s o n a l  c o r r e s p o n d e n c e  S . T . B . ) .
One p o s s i b l e  t h r e a t  t o  B u r m a ’ s t e a k  m a r k e t s  c o u l d  be  an 
i n c r e a s e  i n  c o m p e t i t i o n  f r o m  o t h e r  t e a k  g r o w i n g  c o u n t r i e s .  
H o w e v e r ,  B u r me s e  t e a k  i s  w e l l  known a n d  h a s  t h e  e s t a b l i s h e d  
m a r k e t s  t h r o u g h o u t  t h e  w o r l d  ( B a n i j b h a t  a n a , 1957 ; K e r m o d e ,
1964  ; M y i n t  Au n g ,  1967)  . A l s o  t h e r e  i s  a p r e m i u m  p l a c e d  on 
q u a l i t y  t e a k .  Q u a l i t y  i s  d e t e r m i n e d  b y  b o t h  s i z e ,  s t r e n g t h  
and  a p p e a r a n c e .  T e a k  t i m b e r  i s  g r a d e d  f i r s t l y  a c c o r d i n g  t o  
s t a n d a r d  g r a d i n g  r u l e s ,  c o v e r i n g  k n o t  f r e q u e n c y ,  s i z e  a nd
When t wo o r  mo r e  p e r s o n s ,  w o r k i n g  i n  t h e  s ame  d e p a r t m e n t  
h a v e  e x a c t l y  t h e  s ame n a m e ,  a s i t u a t i o n  o f  common o c c u r r e n c e  
i n  B u r ma ,  t h e y  a r e  r e f e r r e d  as  ( 1 ) ,  ( 2 ) ,  a n d  s o  o n ,  w i t h  t h e
m o s t  s e n i o r  p e r s o n  s t a r t i n g  w i t h  ( 1 ) .  H e n c e  Maung G a l e  ( 1)  
q u o t e d  i n  t h i s  t h e s i s  i s  t h e  m o s t  s e n i o r  o f  t h e  Maung G a l e s  
i n  t h e  F o r e s t  D e p a r t m e n t .
T a b l e  5 .  E x p o r t s  o f  t e a k  [ l o g  a n d  s a wn  t i m b e r ]  f r o m
Bur ma  o v e r  t h e  p e r i o d  1 9 4 8 - 6 8
Y e a r Qu an t i t y  
( t  ons  )
F . 0 . B . V a l u e  
( K y a t s )
A v e r a g e  p r i  ce 
p e r  t o n  ( K y a t s )
1 9 4 8 - 4 9 6 6 , 8 1 7 4 0 , 8 8 2 , 3 3 0 6 12
1949 -50 15 , 9 5 4 1 2 , 0 2  4 ,0 79 754
1950 -5 1 50 ,0 86 45 , 770 , 8 5 5 9 14
195 1 -5 2 4 4 , 5 6 4 41 , 6 4 7 , 1 1 9 935
1952 -5 3 2 8 , 4 2 7 26 , 492  , 4 0 5 932
1 9 5 3 - 5  4 29 , 0 4 7 25 , 2 4 4 , 4 8 1 869
1 9 5 4 - 5 5 3 1 , 5 3 3 2 7 , 7 2 6  ,2 17 879
1 9 5 5 - 5 6 5 6 , 8 8 3 49 , 0 3 6  , 6 5 2 862
1 9 5 6 - 5 7 6 6 , 1 3 2 60 , 2 4 3 , 5  17 9 11
195 7-5  8 66 , 4 3 0 56 , 0 2 9  , 59  1 843
195 8 -5 9 73 , 6 4 6 6 2 , 4 1 2  ,6 10 825
1959 - 60 90 , 59 1 86 , 135 , 850 95 1
1960 -6 1 92 , 0 3 5 9 1 , 3 2 9  , 3 8 3 992
196 1 - 62 1 1 9 , 0  19 125 ,0 1 8 , 2 0 9 1 , 050
1962 - 6 3 1 4 5 , 8 8 9 1 5 7 , 4 4 3 , 4 3 7 1 , 0 7 9
1 9 6 3 - 6 4 1 5 3 , 8 5 9 149 , 9 3 2  , 2 2 4 971
1 9 6 4 - 6 5 140 , 06  8 1 4 6 , 7 8 8 , 1 1 3 1 , 0 4 8
1 9 6 5 - 6 6 135 , 4 5 5 162 , 9 6 5  , 4 8 7 1 , 2 0 3
1 9 6 6 - 6 7 1 0 0 , 1 7 1 127 , 9 6 6  , 0 0 0 1 , 2 7 7
1 9 6 7 - 6  8 1 0 9 , 9 9  1 1 5 4 , 6  7 7 , 0 0 0 1 , 4 0 6
( K y a t  1 = $ (A) 0 . 15)
S o u r c e  - M y i n t  A u n g ,  ( 1 9 6 7 ) . ' M a r k e t i n g  o f  Burma T e a k ' .
6o t h e r  t i m b e r  d e f e c t s ,  and  s e c o n d l y  on t h e  p r e s e n c e  o r  a b s e n c e  
o f  a f i g u r e  known as  ' b l a c k  s t r i p e ' . T a b l e  6 s h o ws  t h e  
p r i c e s  f i x e d  b y  t h e  S t a t e  T i m b e r  B o a r d  i n  1971 f o r  b l a c k  
s t r i p e  a n d  n o n  s t r i p e  t e a k  r o u n d  l o g s  b o t h  d r y  a n d  g r e e n ,  and  
a l s o  t h i n l y  s t r i p e d  g r e e n  t e a k .  C l e a r l y  g r e e n  t e a k  f e t c h e s  
a b e t t e r  p r i c e  t h a n  d r y  ( g i r d l e d )  t e a k  a n d  b l a c k  s t r i p e  t e a k  
a h i g h e r  p r i c e  t h a n  n o n  s t r i p e  t e a k .  S a l e  i s  e f f e c t e d  by  
s e a l e d  t e n d e r ,  a n d  t h e  p r i c e s  p a i d  a r e  g e n e r a l l y  h i g h e r  t h a n  
t h e s e  f i x e d  p r i c e s ,  w h i c h  may b e  r e g a r d e d  as  t h e  mi n i mum p r i c e .  
An o f f e r  o f  $ A 4 , 8 0 0  p e r  t o n  was  f r e q u e n t l y  r e c e i v e d  by  t h e  
S t a t e  T i m b e r  B o a r d  ( p e r s o n a l  c o r r e s p o n d e n c e ,  S . T . B . ) .
Bu r me s e  t e a k  h a s  a l w a y s  b e e n  c o n s i d e r e d  s u p e r i o r  t o  
o t h e r  n a t u r a l l y  o c c u r r i n g  t e a k  b e c a u s e  o f  i t s  q u a l i t y ,  s t r e n g t h  
a n d  a v a i l a b i l i t y  i n  l o n g  l e n g t h s  a n d  l a r g e  s i z e s  ( L i m a y e ,  1 9 5 6 ;  
Wood,  p e r s o n a l  c o m m u n i c a t i o n ) .  T h u s ,  p r o v i d e d  t h e  q u a l i t y  
a n d  q u a n t i t y  o f  t h e  t i m b e r  c a n  be  f u r t h e r  i m p r o v e d ,  w i t h  
c o m p e t e n t  m a r k e t i n g ,  Bur ma  s h o u l d  b e  c a p a b l e  o f  m a i n t a i n i n g  
i t s  s h a r e  o f  t h e  w o r l d  m a r k e t .  T h i s  w i l l  n e c e s s i t a t e  h o w e v e r ,  
c o n s i d e r a b l e  a t t e n t i o n  b e i n g  p a i d  t o  q u a l i t y  c o n t r o l  o f  t h e  
t i m b e r  p r o d u c e d .
A n u m b e r  o f  t r o p i c a l  c o u n t r i e s  a r e  now e s t a b l i s h i n g  t e a k  
p l a n t a t i o n s  ( L a mb ,  1 9 5 7 ;  S t r e e t s ,  1 9 6 2 ) .  T h e s e  i n c l u d e  
c o u n t r i e s  i n  w h i c h  t e a k  o c c u r s  n a t u r a l l y ,  s u c h  as  I n d i a ,  
T h a i l a n d ,  La o s  a n d  I n d o n e s i a  a n d  o t h e r s ,  i n c l u d i n g ,  T r i n i d a d ,  
N i g e r i a  a n d  P a p u a  New G u i n e a ,  w h i c h  h a v e  i n t r o d u c e d  t e a k  as  
an e x o t i c  o u t s i d e  t h e  n a t u r a l  t e a k  z o n e .  T h e s e  t e a k  p l a n t a ­
t i o n s  c o u l d  b e  an a d d i t i o n a l  s o u r c e  o f  c o m p e t i t i o n  i n  t h e  
w o r l d  t e a k  m a r k e t s  i n  f u t u r e .  M o r e o v e r ,  some c o u n t r i e s  
i n c l u d i n g  T h a i l a n d ,  T r i n i d a d  a n d  P a p u a  New G u i n e a  a r e  now 
e n g a g e d  i n  i n t e n s i v e  i m p r o v e m e n t  o f  t e a k  b y  s e e d  s e l e c t i o n  and
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7t r e e  b r e e d i n g  ( C h a l m e r s  1962 ; Ca me r o n  1966 ; H e d e g a r t  1 9 7 1 ) ,  
and  i t  i s  p r o b a b l e  t h e s e  c o u n t r i e s  w i l l  a l s o  b e  p r o d u c i n g  h i g h  
q u a l i t y  t e a k  i n  f u t u r e .  T h u s ,  w i t h  i n t e n s i v e  m a n a g e m e n t ,  
mo r e  e f f e c t i v e  p l a n t i n g  a n d  e x t r a c t i o n  f a c i l i t i e s ,  and  
p r e s u m a b l y  i n t e n s i v e  m a r k e t i n g ,  t h e s e  c o u n t r i e s  c o u l d  p o s e  a 
s e r i o u s  t h r e a t  t o  B u r m a ’ s t e a k  m a r k e t s .
The  f u t u r e  t e a k  f o r e s t s  o f  Bur ma  a r e  t h e r e f o r e  o f  v i t a l  
i m p o r t a n c e  t o  t h e  c o u n t r y .  D i f f i c u l t i e s  o f  m e e t i n g  t h e  
p r e s e n t  d e m a n d ,  t h e  n e e d  t o  m e e t  f u t u r e  c o m p e t i t i o n ,  a nd  t h e  
i m p o r t a n c e  o f  q u a l i t y  c o n t r o l  s u g g e s t  l a r g e  a r e a s  o f  h i g h  
q u a l i t y  t e a k  f o r e s t s  a r e  now n e e d e d .  T e a k  p l a n t a t i o n s  a r e  
t h e r e f o r e  l i k e l y  t o  p l a y  an i n c r e a s i n g l y  s i g n i f i c a n t  r o l e  i n  
B u r m e s e  f o r e s t r y .  H o w e v e r ,  p l a n t a t i o n  t e a k ,  t o  s a t i s f y  
m a r k e t  r e q u i r e m e n t s  a n d  p r o b a b l y  e v e n  t o  e n s u r e  e v e n t u a l  
s u c c e s s  o f  t h e  p l a n t a t i o n s  w i l l  n e e d  t o  h a v e  a h i g h  r a t e  o f  
p r o d u c t i o n  a n d  t o  b e  c o m p o s e d  o f  h i g h  q u a l i t y  m a t e r i a l .
C a r e f u l  s e l e c t i o n  o f  t h e  p l a n t a t i o n  m a t e r i a l  w i l l  t h e r e f o r e  
be  n e c e s s a r y  s o  a s  t o  e n s u r e  maxi mum p r o d u c t i o n  a n d  q u a l i t y .
8CHAPTER II
FOREST TYPES OF BURMA AND THEIR SUITABILITY 
FOR TEAK PLANTATIONS
There are six major forest types in Burma most of 
which are further sub-divided. The major types and sub­
divisions used by the forest department in Burma in the 
local handbook 'Departmental Instructions for Forest 
Officers in Burma' are : -
1. Evergreen Forests
(a) Tropical wet evergreen
(b) Tropical semi-evergreen
2. Mixed Deciduous Forests
(a) Moist upper mixed deciduous
(b) Dry upper mixed deciduous
(c) Lower mixed deciduous
3. Deciduous Dipterocarp or Indaing Forests
4. Dry Forests
5. Hill and Temperate Evergreen Forests
(a) Sub-tropical wet hill forests
(b) Sub-tropical hill savannah
(c) Alpine
6. Tidal, Beach and Dunes, and Swamp Forests.
The proportion and distribution of each of the major 
types in the total forested area are given in Table 7 and 
Figure 4. Each subdivision is briefly described below with 
particular attention to the presence and development of
T a b l e  7. F o r e s t  t y p e s  o f  Bur ma
F o r e s t  t y p e s
% o f  t o t a l  
f o r e s t  a r e a
1. E v e r g r e e n  f o r e s t s 16
( a )  T r o p i c a l  w e t  e v e r g r e e n
( b )  T r o p i c a l  s e m i - e v e r g r e e n
2 . M i x e d  d e c i d u o u s  f o r e s t s 39
( a )  M o i s t  u p p e r  m i x e d  d e c i d u o u s
( b)  Dry u p p e r  m i x e d  d e c i d u o u s
( c )  Lo we r  m i x e d  d e c i d u o u s
3 . D e c i d u o u s  d i p t e r o c a r p  o r  I n d a i n g  f o r e s t s 5
4. Dr y  f o r e s t s 10
5 . H i l l  a n d  t e m p e r a t e  e v e r g r e e n  f o r e s t s 26
( a )  S u b - t r o p i c a l  w e t  h i l l  f o r e s t s
( b )  S u b - t r o p i c a l  h i l l  s a v a n n a h
( c )  A l p i n e
6 . T i d a l ,  b e a c h  a n d  d u n e s ,  a n d  swamp
f o r e s  t s 4
S o u r c e  -  W o r k i n g  P l a n  C i r c l e ,  F o r e s t  D e p a r t m e n t ,  Bu r ma .
R e f e r e n c e s  f o r  F i g u r e  4 .
( i )
( i i )
( i i i )
( i v )
( v )
T r o p i c a l  Wet  E v e r g r e e n ms®
E ve  r g r e e n F o r e s t s
I ! Semi  "
Q Q Q t t U i r i f t .  
O 0  O  O  O  O  O  t 
O O O O O O O t
M i x e d  D e c i d u o u s M o i s t U p p e r  Mi x e d
$ $ $ $ 
! $
F o r e s  t s
Lowe r Mi x e d
Dry U p p e r  Mi x e d IT |  T i  1 1 1 1 111,1; i ; i ; i; 111 j i; i
De c i d u o u s D i p t e r o c a r p  o r I n d a i n g  F o r e s  t s viviviviviviv!1
Dr y F o r e s t s Th an - Th or n
d a h a t  F o r e s t s  
F o r e s t s
* * ~ * 
I  *~ -*<* -   ^ ^
H i l l  $ t e m p e r a t e  
E v e r g r e e n  F o r e s t s
S u b - t r o p i c a l  Wet  H i l l / / / / / / / / ' ,Z / / / / / / / Z
S u b - t r o p i c a l  H i l l  S a v a n n a h ‘..»w*.
A l p i n e M  f H  
f H M
( v i ) T i d a l ,  B e a c h  and  Dune and  Swamp F o r e s t s
Figure 4
9teak and also to the general suitability for teak 
plantations. Full details of the species composition for 
each type are given in Appendix I.
2 . 1 Evergreen forests
This type of forest is considered the ecological 
climax of the Burmese forests (Aung Din, 1951) . It constitutes 
16 per cent of the total forest land of Burma (Table 7 ) , and 
is subdivided into (a) tropical wet evergreen and (b) tropical 
semi-evergreen types.
2.1.1 Tropical wet evergreen
The tropical wet evergreen type occurs in areas with 
rainfall over 2032 mm or in sheltered moist valleys. Species 
characteristic of this type include the important commercial 
hardwoods kanyin (Dipte rocarpus spp.) , yinma (Chukrasia 
tabularis A. Juss.) , thitka (Pentace burmanica Kurz.) , and 
sagawa (Michelia champaca Linn.). Dense masses of evergreen 
climbers and canes are present as undergrowth, and the 
bamboo species detailed in Appendix I are characteristic 
of the type.
2.1.2 Tropical semi-evergreen
The tropical semi-evergreen forest type generally occurs 
further inland than the tropical wet evergreen. Usually this 
type is confined to moist and fertile areas and occurs in 
mosaic pattern with the moist deciduous forest type (described 
below under section 2.2). The drainage pattern is the prime 
determinant of the mosaic arrangements.
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In the tropical semi-evergreen forests, both evergreen 
and deciduous dominants usually occur in close association, 
but the lower storey is predominantly of evergreen species. 
Typical commercial species in this type of forest include 
pyinkado (Xy1ia do 1 abriformis Benth.) , yemane (Gme1ina 
arb ore a Roxb .) , didu (S almalia ins ignis Schott and Endl .) , 
letpan (S almalia mal ab arica Schott and Endl.) , and kanyin 
(Dipterocarpus spp.'*') . The bamboos (see Appendix I for 
species detail) are again characteristic of the forest type. 
Teak is present but only as scattered individual trees or in 
small groups in this type of forest. Generally, the teak 
trees are large and fluted, and little or no teak regeneration 
is present.
Both the tropical wet evergreen and the tropical semi­
evergreen types of forest contain a number of commercially 
important hardwood species. Consequently, although they 
contain little or no teak, these forest types are important 
from the timber production point of view. The tropical semi­
evergreen type could be used for teak plantations, but the 
tropical wet evergreen type could not, it being too wet.
2.2 Mixed deciduous forests
This is the most important forest type in Burma, with 
teak and many other commercially important hardwoods present. 
It constitutes 39 per cent of the total forest area (Table 7).
“'‘The term 'kanyin1 is applied to several Dipterocarpus 
species in Burma.
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The t y p e  i s  s u b - d i v i d e d  i n t o  ( a )  m o i s t  u p p e r  m i x e d  d e c i d u o u s  
f o r e s t  (M. U . M. D. ) ,  ( b )  d r y  u p p e r  m i x e d  d e c i d u o u s  f o r e s t
( D . U . M . D . )  a n d ,  ( c )  l o w e r  m i x e d  d e c i d u o u s  f o r e s t  ( L . M . D . ) .
2 . 2 . 1  M o i s t  u p p e r  m i x e d  d e c i d u o u s  f o r e s t
The  M. U. M. D.  t y p e  o c c u r s  i n  m o s a i c  w i t h  t h e  s e m i ­
e v e r g r e e n  t y p e  as  n o t e d  a b o v e ,  and i s  a l s o  f o u n d  o v e r  l a r g e  
a r e a s  as  a p u r e  f o r e s t  t y p e  o r  i n  m o s a i c  w i t h  t h e  D . U . M . D . ,  
t h e  L . M. D.  a n d  t h e  d e c i d u o u s  d i p t e r o c a r p  f o r e s t  ( s e e  s e c t i o n  
2 . 3 )  t y p e s .  D r a i n a g e  a n d  s o i l  t y p e s  a r e  t h e  p r i m e  
d e t e r m i n a n t s  o f  t h e  m o s a i c .  The M. U. M. D.  t y p e  o c c u r s  on 
f e r t i l e  w e l l  d r a i n e d  s l o p e s .  I t  c a r r i e s  a g o o d  g r o w t h  o f  
t e a k  u s u a l l y  i n  a s s o c i a t i o n  w i t h  t h e  i m p o r t a n t  h a r d w o o d  
p y i n k a d o  ( X y 1 i a  do 1 a b r i f o r m i s  B e n t h . )  . P y i n k a d o  i s  known as  
t h e  i r o n  wood  o f  Bur ma  and  i s  r a n k e d  s e c o n d  t o  t e a k  i n  
c o m m e r c i a l  i m p o r t a n c e .  O t h e r  i m p o r t a n t  a s s o c i a t e  s p e c i e s  
i n c l u d e  p a d a u k  ( P t e r o c a r p u s  m a c r o c a r p u s  K u r z . )  , b i n g a  
( M i t r a g y n a  r  o t u n d i f  o l i a  0 .  K t z e . )  and  y e ma n e  ( G m e l i n a  a r b  o r e  a 
R o x b . )  . T h i s  f o r e s t  t y p e  i s  a l s o  c h a r a c t e r i s e d  b y  t h e  
c o m p o s i t i o n  a n d  d e v e l o p m e n t  o f  t h e  b a m b o o s ,  f u l l  d e t a i l s  o f  
w h i c h  a r e  g i v e n  i n  A p p e n d i x  I .
2 . 2 . 2  Dr y  u p p e r  m i x e d  d e c i d u o u s  f o r e s t
The  D. U. M. D.  t y p e  n o r m a l l y  r e p l a c e s  M. U. M. D.  on t o p  
o f  r i d g e s  a n d  on s l o p e s  w i t h  a h o t  a s p e c t .  The t y p e  i s  
c h a r a c t e r i s e d  b y  much p o o r e r  d e v e l o p m e n t  o f  t h e  v e g e t a t i o n  
t h a n  t h e  M. U. M. D.  f o r e s t s .  T h i s  i s  p a r t i c u l a r l y  e v i d e n t  i n  
t h e  b a m b o o  s p e c i e s  p a r t i c u l a r l y  k y a t h a u n g w a  ( B ambus  a 
p o l y m o r p h a  Mu n r o )  , and  t i n w a  ( C e p h a l o s t  achyurn p e r g r a c i l e  
Munr o )  , w h i c h  b e c o m e  p o o r l y  d e v e l o p e d  i n  t h i s  t y p e .  Te a k
f
o c c u r s  i n  a s s o c i a t i o n  w i t h  t h e  s ame  s p e c i e s  as  i t  d o e s  i n  
t h e  M. U. M. D.  f o r e s t s ,  w i t h  t h e  a d d i t i o n  o f  some s p e c i e s  
c h a r a c t e r i s t i c  o f  d r i e r  a r e a s ,  n a m e l y  t h i t y a  ( S h o r e  a 
o b l o n g i f o l i a  T h w . )  , i n g y i n  ( P e n t a c m e  s i a m e n s i s ) ( M i q . )  K u r z . )  , 
i n  ( D i p t e r o c a r p u s  t u b e r c u 1 a t u s  R o x b . )  , and  p a n g a  ( T e r m i n a l i a  
c h e b u 1 a R e t z . ) .
2 . 2 . 3  Lowe r  m i x e d  d e c i d u o u s  f o r e s t
The  L . M. D.  t y p e  o c c u r s  on l o w e r  g r o u n d ,  n o r m a l l y  on 
f l a t  a l l u v i a l  o r  c l a y e y  s i t e s  n e a r  s t r e a m s .  I t  i s  c h a r a c t e r ­
i s e d  by  t h e  s c a r c i t y  o r  a b s e n c e  o f  b a m b o o .  T e a k  o f t e n  o c c u r s  
i n  p u r e  s t a n d s  a n d  may a t t a i n  l a r g e  s i z e s  i n  t h i s  t y p e  o f  
f o r e s t .  H o w e v e r ,  i t  i s  o f t e n  f l u t e d ,  a n d  i s  n o t  as  
c y l i n d r i c a l  as  i n  M. U. M. D.  o r  D . U. M. D.  t y p e s .  O t h e r  
c o m m e r c i a l  s p e c i e s  f o u n d  t o g e t h e r  w i t h  t e a k  i n c l u d e  p y i n k a d o  
( X y l i a  do 1 ab r i f  o r m i s  B e n t h . )  , y o n  ( A n o g e i s s u s  a c u m i n  a t  a W a l l . )  
s i t  ( A l b i z  z i a  p r o  c e r  a B e n t h . )  , t a u k k y a n  ( T e r m i n  a l i a  
t o m e n t o s  a W. a n d  A. )  , ( s e e  A p p e n d i x  I f o r  d e t a i l )  .
A l t h o u g h  a l l  t h e s e  m i x e d  d e c i d u o u s  t y p e s  c a n  b e  u t i l i z e d  
f o r  t e a k  p l a n t a t i o n s ,  t h e  M. U . N . D.  t y p e  w o u l d  be  s e l e c t e d  
i n  p r e f e r e n c e  t o  t h e  o t h e r s .  T e a k  p l a n t a t i o n s ,  e s t a b l i s h e d  
i n  D . U . M. D.  t y p e  o f  f o r e s t  c a n  be  v e r y  s l o w  g r o w i n g .  M o r e ­
o v e r ,  i n  t h e  P y i n m a n a  f o r e s t  d i v i s i o n  o f  Bu r ma ,  t h e  a u t h o r  
h a s  n o t i c e d  t h e  d e v e l o p m e n t  o f  s t a g  h e a d e d n e s s  i n  a p o r t i o n  
o f  30 y e a r  o l d  t e a k  p l a n t a t i o n  e s t a b l i s h e d  i n  t h e  D. U. M. D.  
t y p e .  An a r e a  o f  t h e  s a me  p l a n t a t i o n  i n  t h e  M. U. M. D.  h o w e v e r  
was  n o t  a f f e c t e d .  The  L . M. D.  t y p e  i s  c o n s i d e r e d  t o  be  t o o  
m o i s t  f o r  t e a k  p l a n t a t i o n ,  a n d  i s  l i a b l e  t o  p r o d u c e  f l u t e d
a n d  i n f e r i o r  t i m b e r .
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2 . 3  D e c i d u o u s  d i p t e r o c a r p  o r  i n d a i n g  f o r e s t s
T h i s  t y p e  o f  f o r e s t  c o n s t i t u t e s  f i v e  p e r  c e n t  o f  t h e  
t o t a l  f o r e s t e d  l a n d  o f  Bur ma  ( T a b l e  7) , a n d  u s u a l l y  o c c u r s  
on s a n d y ,  g r a v e l l y ,  o r  l a t e r i t i c  s o i l s  up t o  an a l t i t u d e  o f  
a p p r o x i m a t e l y  700 m. I t  i s  c h a r a c t e r i s e d  b y  t h e  p r e v a l e n c e  
o f  i n  CDip t e r o c a r p u s  t u b e r c u l a t u s  R o x b . )  w h i c h  may f o r m  o v e r  
80 p e r  c e n t  o f  t h e  s p e c i e s  c o m p o s i t i o n .  T e a k  may a l s o  be  
f o u n d  i n  t h i s  t y p e  o f  f o r e s t ,  b u t  i s  n o r m a l l y  s t u n t e d  a n d  o f  
v e r y  p o o r  q u a l i t y .  A b u n d a n t  g e r m i n a t i o n  o f  t e a k  s e e d l i n g s  
f r e q u e n t l y  o c c u r s ,  b u t  t h e s e  a r e  u s u a l l y  s h o r t  l i v e d .
S t u d i e s  by  Ke r mode  ( 1 9 6 4 )  r e v e a l e d  g e r m i n a t i o n  o f  t e a k  i n  
d e c i d u o u s  d i p t e r o c a r p  f o r e s t  t o  b e  t h r e e  t i m e s  b e t t e r  t h a n  
i n  m i x e d  d e c i d u o u s  f o r e s t s .
T h i s  f o r e s t  t y p e  i s  t o o  d r y  a n d  t h e  s o i l  t y p e  u n s u i t a b l e  
f o r  s a t i s f a c t o r y  d e v e l o p m e n t  o f  t e a k ,  a n d  t h u s ,  i s  u n d e s i r a b l e  
f o r  t e a k  p l a n t a t i o n .
2 . 4 Dr y f o r e s t s
T h i s  t y p e  o f  f o r e s t  o c c u r s  i n  t h e  C e n t r a l  Dr y Zone  o f  
Bur ma  w h e r e  t h e  r a i n f a l l  i s  l e s s  t h a n  1270mm.  I t  c o n s t i t u t e s  
10 p e r  c e n t  o f  t h e  t o t a l  f o r e s t  l a n d  o f  Bur ma  ( T a b l e  7 ) ,  and  
c o n s i s t s  m a i n l y  o f  s t u n t e d  t r e e s  a nd  t h o r n y  b u s h e s  i n c l u d i n g  
s p e c i e s  s u c h  as t h a n  ( T e r m i n a l i  a o l i v e r i  B r a n d i s )  , d a h a t  
( Te c t  on a h ami  11 o n i a n  a W a l l . ) ,  a n d  s h a  ( A c a c i a  c a t e  chu  W i 1 1 d . )  . 
( S e e  A p p e n d i x  I f o r  d e t a i l ) .  No c o m m e r c i a l  t i m b e r  i s  p r o d u c e d  
i n  t h i s  t y p e  and  t h e  a r e a  w o u l d  be  u n s u i t a b l e  f o r  t e a k  
p 1 an t  a t i  on .
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2 . 5  H i l l  and  t e m p e r a t e  e v e r g r e e n  f o r e s t s
T h i s  t y p e  o f  f o r e s t  c o n s t i t u t e s  26 p e r  c e n t  o f  t h e  
t o t a l  f o r e s t e d  l a n d  o f  Bur ma  and  i s  f o u n d  a t  e l e v a t i o n s  
e x c e e d i n g  914  m. P i n e s ,  i n c l u d i n g  P i n u s  k e s i y a  R o y l e  e x  
Go r d o n  a n d  P i n u s  m e r k u s i i  J u n g h .  a r e  t h e  i m p o r t a n t  s p e c i e s  i n  
t h i s  t y p e  o f  f o r e s t .  H o w e v e r ,  t h e  p i n e s  a r e  u s e d  m a i n l y  f o r  
t a p p i n g  r e s i n  f o r  t u r p e n t i n e  a n d  r o s i n  p r o d u c t i o n  r a t h e r  
t h a n  f o r  t i m b e r .  T h i s  t y p e  i s  a l s o  u n s u i t a b l e  f o r  t e a k  
p 1 an t  a t  i  on .
2 . 6  T i d a l ,  b e a c h  a nd  d u n e s ,  a nd  swamp f o r e s t s
T h e s e  t y p e s  o f  f o r e s t s  c o n s t i t u t e  o n l y  f o u r  p e r  c e n t  
o f  t h e  t o t a l  f o r e s t e d  l a n d  i n  t h e  c o u n t r y  ( T a b l e  7 ) .  The 
t i d a l  f o r e s t  o c c u r s  w i t h i n  t h e  t i d a l  l i m i t s  i n  t h e  I r a w a d d y  
d e l t a  i n  l o w e r  Bu r ma ,  a n d  c o n s i s t s  m a i n l y  o f  m a n g r o v e s  
i n c l u d i n g  k a n a z o  ( He r  i  t  i  e r  a f  ome s B u c h . )  a n d  k y a n a  
( X y l o c a r p u s  m o l u c c e n s i s  Lam. )  , u s e d  s o l e l y  f o r  f i r e w o o d .  The 
B e a c h  a n d  Dunes  t y p e  o c c u r s  on s a n d y  b e a c h e s  a n d  d u n e s  and  
i s  c h a r a c t e r i s e d  b y  t h e  o c c u r r e n c e  o f  k a b we  ( C a s u a r i n a  
e q u i s e t i f o l i a  F o r s t . )  , w h i l s t  swamp f o r e s t s  o c c u r  i n  f r e s h  
w a t e r  s w a m p s ,  u s u a l l y  n e a r  r i v e r s  and  l a k e s .  T r e e s  i n  t h i s  
t y p e  o f  f o r e s t  a r e  n o r m a l l y  s c a t t e r e d  a n d  s m a l l  i n  g r o w t h .  
T h e s e  a r e a s  a r e  a l s o  u n s u i t a b l e  f o r  t e a k  p l a n t a t i o n .
F o r e s t  t y p e s  w h e r e  t e a k  p l a n t a t i o n  can  b e  e s t a b l i s h e d  
a r e  l i s t e d  b e l o w  i n  o r d e r  o f  p r e f e r e n c e .
( i )  M o i s t  u p p e r  m i x e d  d e c i d u o u s  f o r e s t
( i i )  Lower  m i x e d  d e c i d u o u s  f o r e s t
( i i i )  T r o p i c a l  s e m i - e v e r g r e e n  f o r e s t
( i v )  Dry u p p e r  m i x e d  d e c i d u o u s  f o r e s t
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T h e s e  make  up mor e  t h a n  39 p e r  c e n t  o f  t h e  t o t a l  f o r e s t  a r e a  
o f  Bu r ma .  A l l  t h e s e  t y p e s  a r e  l o c a t e d  i n l a n d ,  m a i n l y  a l o n g  
t h e  I r r a w a d d y  and  S i t t a n g  d r a i n a g e  s y s t e m s  w i t h  a f e w a r e a s  
on t h e  S a l w e e n  d r a i n a g e  ( F i g .  4 ) .  T h u s  t e a k  p l a n t a t i o n s  
e s t a b l i s h e d  i n  t h e s e  a r e a s  a r e  l i k e l y  t o  r e l y  h e a v i l y  on 
r i v e r  t r a n s p o r t  f o r  u t i l i z a t i o n  o f  t h e  t i m b e r  p r o d u c e d .
T h e r e  i s  h o w e v e r  a n e t w o r k  o f  ma i n  r o a d s  a n d  r a i l w a y s  i n  
t h e s e  a r e a s .  T h u s ,  t h e  t i m b e r  c o u l d  b e  e x t r a c t e d  as  g r e e n  
t e a k  u s i n g  e i t h e r  t h e  l a n d  s y s t e m s  o r  a w a t e r - b a s e d  b a r g e  
s y s t e m .  The  p r o b l e m  o f  e x t r a c t i n g  g r e e n  t e a k  l i e s  i n  t h e  
mo v e m e n t  o f  t h e  t i m b e r  f r o m  t h e  s t u m p  t o  a c e n t r a l  l o c a t i o n .
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CHAPTER III
MANAGEMENT PROBLEMS IN NATURAL FORESTS AND 
THE POSSIBILITIES FOR TEAK PLANTATIONS IN BURMA
Burma, like many tropical countries is faced with the 
problem of the management of extensive mixed natural 
forests. When scientific management of the forests was 
introduced over a hundred years ago, a management system 
known as the Burma selection system was adopted. However, 
with the increasing demand for teak, and with the failure 
of the present system to satisfy the demand, there is a need 
for revision and modification of the management approach.
3 . 1 Burma selection system
The ’Burma selection system' is a method of exploiting 
one tree species (teak) from a complex multi-species forest 
(Kermode, 1964). It has little concern for regeneration of 
the species, and Aung Din ( 1956) , Haig, e_t_ a^. ( 1958) , and
Kermode have all stressed the lack of resemblance of this 
system to the true silvicultural selection system as described 
by Troup ( 19 66) .
In the Burma selection system outlined by Aung Din (1956) 
Haig ejt_ aj_. ( 1958) , and Kermode (1964) , the forest area is 
divided into 30 blocks of equal yield capacity. Each year, 
selection fellings are carried out in one of these blocks, and 
the whole forest is therefore worked over in a period of 30 
years. This period is known as the 'felling cycle'. Under 
the system when felling becomes due, all marketable trees 
which have attained a fixed exploitable girth size are 
selected for cutting. The girth size varies with the type of
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M o r e o v e r ,  m e c h a n i z a t i o n  o f  t h e  e x t r a c t i o n  o p e r a t i o n  i s  
i m p r a c t i c a b l e  due  t o  t h e  s c a t t e r e d  d i s t r i b u t i o n  o f  t h e  t r e e s ,  
a n d  e x t r a c t i o n  i s  d e p e n d e n t  s o l e l y  u p o n  e l e p h a n t  p o w e r .
E c o l o g i c a l l y ,  t e a k  b e a r i n g  d e c i d u o u s  f o r e s t s  i n  Bur ma 
a r e  i n  a s u c c e s s i o n a l  s t a g e  p r o c e e d i n g  t o w a r d s  t h e  e v e r g r e e n  
f o r e s t  t y p e  i n  w h i c h  t e a k  i s  n o t  p r e s e n t  ( Aung D i n ,  1 9 5 1 ;
H a i g ,  et_ aj_. 1958  ; Ke r mode  , 1964 )  . Aung Di n  ( 1 9 5 1 )  s t r o n g l y  
b e l i e v e d  t h a t  t h e  p r e s e n t  s i l v i c u l t u r a l  s y s t e m  i s  a c c e l e r a t i n g  
t h i s  t r a n s f o r m a t i o n .  He s t a t e d  ' t h e  d e f e c t  o f  t h e  p r e s e n t  
Bur ma  s e l e c t i o n  s y s t e m  l i e s  i n  t h e  p r e s u p p o s i t i o n  t h a t  t e a k  
t r e e s  come up i n  p l a c e  o f  t h o s e  g i r d l e d  a n d  e x t r a c t e d ,  w h e r e ­
a s ,  e v e n  t h e o r e t i c a l l y  s p e a k i n g ,  t e a k  h a s  o n l y  a 12 p e r  c e n t  
c h a n c e  a g a i n s t  88 p e r  c e n t  o f  o t h e r  h a r d w o o d  s p e c i e s  o f  
e s t a b l i s h i n g  i t s e l f  i n  t h e  gap  s o  c a u s e d 1 .  ^ S u p p o r t  f o r  
t h i s  f o l l o w e d  f r o m  a n a l y s e s  o f  e n u m e r a t i o n  s t u d i e s  i n  Bur ma 
by  Aung Di n  ( 1956)  . U n s p e c i f i e d  a r e a s  w o r k e d  u n d e r  t h e  Burma 
s e l e c t i o n  s y s t e m  s h o w e d  a r e d u c t i o n  i n  t h e  p r o p o r t i o n  o f  
t e a k  i n  r e l a t i o n  t o  t h e  o t h e r  s p e c i e s .  Mor e  c o n v i n c i n g  p r o o f  
o f  t h i s  p r o c e s s  w o u l d  be  d e s i r a b l e ,  b u t  i t  h a s  n e v e r t h e l e s s  
b e e n  a c c e p t e d  as  a f a c t  b y  many B u r m e s e  f o r e s t e r s .
U t i l i z a b l e  t e a k  t r e e s  i n  n a t u r a l  f o r e s t s  a r e  s c a t t e r e d ,  
g i v i n g  an a v e r a g e  o f  one  t r e e  p e r  3 . 2  h e c t a r e s  ( O f f i c e  o f  
t h e  D i r e c t o r  o f  F o r e s t s ,  B u r ma ,  p e r s o n a l  c o r r e s p o n d e n c e ) .
A l s o ,  t h e  m a j o r  t e a k  f o r e s t s  i n  Bur ma  a r e  f r e q u e n t l y  l o c a t e d  
i n  s t e e p  t e r r a i n .  T h e s e  a r e a s  a r e  s o  i n a c c e s s i b l e  t h a t  o n l y  
t e a k ,  w h i c h  i s  f l o a t a b l e ,  c a n  be  w o r k e d  e c o n o m i c a l l y .  T h e s e  
t wo  f a c t o r s  p r e s e n t  s e v e r e  p r o b l e m s  o f  e x t r a c t i o n .
^ Te a k  was  e s t i m a t e d  t o  c o n s t i t u t e  a p p r o x i m a t e l y  12 p e r  c e n t  
o f  t h e  p o p u l a t i o n  i n  t h e  m i x e d  d e c i d u o u s  f o r e s t s  i n  Bur ma  
a t  t h a t  t i m e .
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M e c h a n i z a t i o n  i s  f r e q u e n t l y  i m p r a c t i c a b l e ,  a n d  e l e p h a n t s  h a d  
t o  b e  u s e d  f o r  p u s h i n g  o r  d r a g g i n g  t e a k  l o g s  t o  t h e  s t r e a m  
f o r  f l o a t i n g .  Logs  a r e  t h e n  f l o a t e d  t o  r a f t i n g  s t a t i o n s  w h e r e  
t h e y  a r e  c o n s t r u c t e d  i n t o  r a f t s  f o r  f u r t h e r  t r a n s p o r t a t i o n  
a l o n g  t h e  r i v e r  t o  t h e  m a i n  c i t i e s .
A s e v e r e  r e d u c t i o n  i n  t h e  n u m b e r  o f  e l e p h a n t s  d u r i n g  
t h e  s e c o n d  w o r l d  w a r  h a s  g r e a t l y  h i n d e r e d  e x t r a c t i o n  and  
p r o d u c t i o n  o f  t e a k .  The  e l e p h a n t  p o p u l a t i o n  h a s  n e v e r  
r e c o v e r e d  f r o m  t h e  r e d u c t i o n  d u r i n g  t h e  w a r .  The p r o c e s s  o f  
c a t c h i n g  a n d  t r a i n i n g  w i l d  e l e p h a n t s  i s  v e r y  s l o w  a n d  h i g h  
m o r t a l i t y  r a t e s  d u r i n g  t h i s  p r o c e s s  a g g r a v a t e  t h e  s i t u a t i o n .
To 1 9 3 9 ,  t h e r e  w e r e  6 , 0 0 0  d o m e s t i c a t e d  e l e p h a n t s  i n  Bu r ma ,  
a n d  t h e  a v e r a g e  e x p o r t  o f  t e a k  was  2 2 0 , 0 9 2  t o n s  a n n u a l l y .  I n  
c o n t r a s t ,  i n  1 9 6 5 - 6 6 ,  t h e r e  w e r e  o n l y  3 , 0 7 6  e l e p h a n t s ,  and  
e x p o r t s  s i n c e  1945  h a v e  n e v e r  e x c e e d e d  70 p e r  c e n t  o f  p r e w a r  
l e v e l s  ( M y i n t  A u n g ,  1967)  .
A l t h o u g h  t e a k  l o g s  f r o m  t h e  n a t u r a l  f o r e s t s  i n  Bur ma  a r e  
m o s t  e a s i l y  t r a n s p o r t e d  b y  f l o a t i n g ,  t h e r e  a r e  d i s a d v a n t a g e s  
i n  t h e  p r o c e d u r e .  T h e r e  i s  a h i g h  r a t e  o f  l o s s  d u r i n g  t h e  
i n i t i a l  j o u r n e y  t o  t h e  r a f t i n g  s t a t i o n  d u e  t o  l o g s  b e i n g  
e i t h e r  s t r a n d e d  on t h e  s t r e a m  b a n k s  o r  b u r i e d  u n d e r  s a n d s  
b e c a u s e  o f  f l o o d s  o r  i n  s ome  c a s e s  t i d a l  e f f e c t s .  T h e r e  i s  
a l s o  a h i g h  r a t e  o f  l o s s  due  t o  t h e f t .  The  S t a t e  T i m b e r  B o a r d  
h a s  t r i e d  t o  s a l v a g e  s t r a n d e d  l o g s ,  b u t  t h e r e  h a s  b e e n  an 
a n n u a l  d e f i c i t  o f  a t  l e a s t  1 6 , 0 0 0  l o g s  a n d  u s u a l l y  mo r e :  a
r a t e  o f  l o s s  e q u i v a l e n t  t o  b e t w e e n  s i x  p e r c e n t  a n d  29 p e r  c e n t  
o f  t h e  t o t a l  l o g s  f l o a t e d  e a c h  y e a r .
The  m a n a g e m e n t  p r o c e d u r e s  f o r  t e a k  p r o d u c t i o n  f r o m 
n a t u r a l  f o r e s t s  a r e  n o t  t h e r e f o r e  p r o v i n g  s u c c e s s f u l .
20
E c o l o g i c a l l y ,  t h e  Bur ma  s e l e c t i o n  s y s t e m  a p p e a r s  t o  r e d u c e  
t h e  p r o p o r t i o n  o f  t e a k  i n  t h e  f o r e s t s  a n d  s p e e d s  t h e  p r o g r e s s i o n  
t o w a r d s  t h e  t e a k - l e s s  e v e r g r e e n  f o r e s t  t y p e .  The s c a t t e r e d  
d i s t r i b u t i o n  o f  t e a k  t r e e s  a n d  t h e  s t e e p  t e r r a i n  on w h i c h  
t h e y  gr ow ma ke  e x t r a c t i o n  i m p r a c t i c a b l e  b y  m e c h a n i z e d  me ans  
a nd  d e p e n d  u p o n  t h e  a v a i l a b i l i t y  o f  e l e p h a n t  p o w e r  a n d  t h i s  
i s  p r e s e n t l y  i n a d e q u a t e .  H e a v y  l o s s e s  a r e  a l s o  i n c u r r e d  i n  
t h e  c o u r s e  o f  f l o a t i n g  t h e  l o g s  t o  t h e  r a f t i n g  s t a t i o n s .
3 . 3  I m p r o v e m e n t s  w h i c h  c o u l d  be  e x p e c t e d  f r o m  t h e  u s e  o f
t e a k  p l a n t a t i o n s
P r i o r  t o  1 9 4 0 ,  5 6 , 1 2 7  h e c t a r e s  o f  t e a k  p l a n t a t i o n s  h a d  
b e e n  e s t a b l i s h e d  i n  Bur ma  ( B l a n f o r d ,  1 9 5 6 ) .  A l m o s t  a l l  
t h e s e  p l a n t i n g s  w e r e  d e s t r o y e d  by  t h e  J a p a n e s e  d u r i n g  t h e  
s e c o n d  w o r l d  w a r .  A r e g u l a r  p l a n t i n g  p r o g r a m m e  r e c o m m e n c e d  
i n  1 9 6 3 ,  a n d  b y  1 9 6 9 ,  9 , 4 3 0  h e c t a r e s  o f  p l a n t a t i o n  h a d  b e e n  
e s t a b l i s h e d  m a i n l y  i n  t h e  M. U. M. D.  o r  L . M. D.  f o r e s t  t y p e s ,  
( O f f i c e  o f  t h e  D i r e c t o r  o f  F o r e s t s ,  B u r m a ,  p e r s o n a l  
c o r r e s p o n d e n c e ) .  T h e  t o t a l  a r e a  s u i t a b l e  f o r  p l a n t i n g  t e a k  
i n  Bur ma  h a s  n o t  b e e n  s u r v e y e d ,  b u t  t h e r e  a r e  2 3 0 , 4 4 5  s q u a r e  
k i l o m e t r e s  o f  M. U. M. D.  a n d  L . M. D.  f o r e s t  t y p e s  c e n t r a l l y  
l o c a t e d  a n d  a v a i l a b l e  f o r  p l a n t a t i o n  s i t e  s e l e c t i o n  ( s e e  
F i g u r e  1) . L e s s  d e s i r a b l e ,  b u t  a l s o  a p o s s i b i l i t y  f o r  
p l a n t a t i o n  e s t a b l i s h m e n t  a r e  t h e  3 3 , 8 9 0  s q u a r e  k i l o m e t r e s  o f  
D . U. M. D.  f o r e s t  t y p e ,  a n d  a r e a s  o f  t h e  t r o p i c a l  s e m i - e v e r g r e e n  
f o r e s t  t y p e  ( a r e a  n o t  a v a i l a b l e ) .  T h e r e  w o u l d  b e  t h e r e f o r e  
no  d i f f i c u l t i e s  i n  f i n d i n g  s u i t a b l e  a r e a s  f o r  a much e x p a n d e d  
p l a n t a t i o n  p r o g r a m m e  i n  Bu r ma .
The  u s e  o f  p l a n t a t i o n s  f o r  t e a k  p r o d u c t i o n  w o u l d  h a v e  
many a d v a n t a g e s  c o m p a r e d  t o  t h e  p r e s e n t  u s e  o f  n a t u r a l  f o r e s t s .
Specifically, there would be substantial improvements in 
management control, in access, in production levels and in 
extraction procedures, and potentially in quality control.
Since work in plantation is concentrated, management and 
the control of operations would be simplified compared to 
the procedure in natural forests. Plantation sites can be 
selected so that the topography is not too steep for mechani­
zed operations, and the construction of a network of roads 
within the plantation would be justifiable. This would 
facilitate not only a more convenient, but a more intensive 
degree of forest management.
Production levels would be much higher in a plantation 
than in a natural forest. As noted above, natural teak 
forests in Burma are estimated to have a stock of one yield 
tree in 3.2 hectares, whereas, in plantation, approximately 
100 trees per hectare would be left after the final thinnings. 
Thus, the final yield from plantations, disregarding the 
yield from thinnings could be much higher than from natural 
forests even with the use of short rotations, and the 
exploitation of smaller trees.
With the possibility of construction of a network 
of roads, and the application of mechanized unit, extraction 
work could be more efficient in plantation. Use of elephants 
can be minimised, and extraction of green teak could be 
economical.
Plantations also permit the immediate application of 
the results of tree breeding research. Improvement could be 
anticipated both in production levels and in quality control 
of the timber produced.
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3.  4 D i s a d v a n t a g e s  o f  t e a k  p l a n t a t i o n
The d i s a d v a n t a g e  o f  t e a k  p l a n t a t i o n  c a n  be  s u m m a r i s e d
as :
( i )  t h e  r e p u t e d  p r o d u c t i o n  o f  i n f e r i o r  t i m b e r  
( i i )  t h e  d e g r a d a t i o n  o f  t h e  s i t e  u n d e r  p l a n t a t i o n .
T i m b e r  f r o m  p l a n t a t i o n  g r own  t e a k  h a s  g e n e r a l l y  b e e n  
c o n s i d e r e d  i n f e r i o r  t o  t e a k  o f  t h e  n a t u r a l  f o r e s t s  ( K a d a m b i ,  
1 9 4 5 ) .  H o w e v e r ,  a n a l y s i s  by  N a i r  a n d  M u k e r j i  ( 1 9 5 7 )  i n  I n d i a  
on p l a n t a t i o n  a n d  n a t u r a l  g r own  t e a k  f r o m  Bur ma  a n d  d i f f e r e n t  
p a r t s  o f  I n d i a  s h o w e d ,  t i m b e r  f r o m  p l a n t a t i o n  g r o wn  t e a k  
(25 - 78 y e a r s  o l d )  was  i n  no  way i n f e r i o r  t o  n a t u r a l l y  g r own  
t e a k  ( 54  -  264 y e a r s  o l d )  i n  m e c h a n i c a l  p r o p e r t i e s  ( T a b l e  8) . 
Da C o s t a ,  e_t aA _. ( 195 8) a l s o  f o u n d  n o  d i f f e r e n c e  b e t w e e n  
p l a n t a t i o n  g r own  a n d  n a t u r a l  t e a k  i n  m e c h a n i c a l  p r o p e r t i e s ,  
b u t  t h e  d e t a i l s  o f  t h i s  s t u d y  w e r e  n o t  s p e c i f i e d .  T h e s e  
a u t h o r s  a l s o  f o u n d  t h e r e  w e r e  n o  d i f f e r e n c e s  i n  e i t h e r  d e c a y  
o r  t e r m i t e  r e s i s t a n c e  b e t w e e n  p l a n t a t i o n  g r own  a n d  n a t u r a l l y  
g r own  t e a k .
E x p e r i e n c e  i n  I n d i a  a n d  Bur ma  h a s  i n d i c a t e d  t e a k  
p l a n t a t i o n s  can  c a u s e  s e r i o u s  e r o s i o n  i f  an a d e q u a t e  t h i n n i n g  
r e g i m e  i s  n o t  m a i n t a i n e d  ( L a u r i e  a n d  G r i f f i t h ,  1942)  . The 
p a r t i c u l a r  e r o s i o n  p r o b l e m  s t e m s  f r o m  t h e  l a r g e  s i z e  o f  t h e  
t e a k  l e a v e s  w h i c h  c a n  h a v e  a s u r f a c e  a r e a  as g r e a t  as  1 , 3 0 0  
s q  cm ( S u r i ,  1 9 6 4 ) .  T h e s e  l a r g e  l e a v e s  c o n c e n t r a t e  r a i n  
w a t e r  w h i c h  s u b s e q u e n t l y  f a l l s  i n  v e r y  l a r g e  d r o p s .  T h e s e  
d r o p s  c a u s e  s e r i o u s  e r o s i o n  i n  p l a n t a t i o n s  l a c k i n g  s u f f i c i e n t  
u n d e r g r o w t h  t o  p r o t e c t  t h e  s o i l  ( L a u r i e  a nd  G r i f f i t h ,  1 9 4 2 ;  
K a d a m b i ,  1 9 4 5 ;  T a g g a r s e ,  1 9 4 5 ) .  T h i s  i s  l i k e l y  t o  o c c u r
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p a r t i c u l a r l y  i n  s i t e s  w i t h  s t e e p  t e r r a i n  o r  i n  s t a n d s  w h i c h  
a r e  t o o  d e n s e l y  s t o c k e d .  The  a u t h o r  h a s  a l s o  n o t e d  s u c h  
e r o s i o n  i n  many t e a k  p l a n t a t i o n s  i n  Bu r ma  w h i c h  h a d  n o t  b e e n  
t h i n n e d  c o r r e c t l y  o r  r e g u l a r l y .  K a d a mb i  ( 1 9 4 5 )  n o t e s  t h e r e  
was  n o  e r o s i o n  p r o b l e m  i n  a w e l l  m a i n t a i n e d  p l a n t a t i o n  i n  
My s o r e  ( I n d i a )  d u e  t o  t h e  p r e s e n c e  o f  g o o d  u n d e r g r o w t h .  A 
r e g u l a r  c o v e r  o f  u n d e r g r o w t h  i s  t h e r e f o r e  e s s e n t i a l  i n  t e a k  
p l a n t a t i o n ,  a n d  t o  e n s u r e  t h i s ,  f r e q u e n t  a n d  r e g u l a r  t h i n n i n g s  
a r e  e s s e n t i a l .
T h u s ,  a l t h o u g h  s u b s t a n t i a l  a d v a n t a g e s  i n  b o t h  p r o d u c t i o n  
a n d  e a s e  o f  m a n a g e m e n t  a r e  l i k e l y  w i t h  t e a k  p l a n t a t i o n s ,  
i t  w i l l  b e  e s s e n t i a l  f o r  a d e q u a t e  s i l v i c u l t u r a l  p r o c e d u r e s  
t o  b e  e n f o r c e d ,  o t h e r w i s e  s e v e r e  e r o s i o n  c o u l d  t a k e  p l a c e .
CHAPTER IV
THE NATURAL DISTRIBUTION OF TF.AK AND THF. FACTORS 
AFFECTING THE OCCURRENCE OF THE SPECIES AND THE 
USE OF THE SPECI ES IN PLANTATION
4 . 1  N a t u r a l  d i s t r i b u t i o n
The  n a t u r a l  d i s t r i b u t i o n  o f  t e a k  ( Te c t  on a g r  an d i  s 
L i n n ,  f . )  i s  n o t  c l e a r l y  d e f i n e d .  The  s p e c i e s  i s  known t o  
be  i n d i g e n o u s  t o  t h e  S o u t h  E a s t  A s i a n  c o u n t r i e s  o f  L a o s ,  
T h a i l a n d ,  B u r ma ,  a n d  I n d i a  ( H a i g  et_ al_. , 1958)  ( F i g u r e  5) .
B u t  H a i g  et_ al_. c o n s i d e r  t e a k  a l s o  o c c u r s  n a t u r a l l y  i n  t h e  
Khmer  R e p u b l i c  ( C a m b o d i a ) .  H o w e v e r ,  p e r s o n a l  c o r r e s p o n d e n c e  
w i t h  t h e  F o r e s t r y  D e p a r t m e n t  o f  t h e  Khmer  R e p u b l i c  r e v e a l e d  
t h e  s p e c i e s  d o e s  n o t  o c c u r  t h e r e  n a t u r a l l y ,  b u t  2 , 5 8 0  
h e c t a r e s  h .ave b e e n  e s t a b l i s h e d  i n  t h e  p l a n t a t i o n s  w i t h i n  t h e  
p e r i o d  1932 t o  1 9 6 9 .
The  s p e c i e s  i s  a l s o  w e l l  e s t a b l i s h e d  i n  I n d o n e s i a  on 
t h e  i s l a n d s  o f  J a v a  a n d  Muna ,  b u t  i t  i s  n o t  c l e a r  w h e t h e r  
t h i s  o c c u r r e n c e  i s  n a t u r a l  o r  r e s u l t s  f r o m  an i n t r o d u c t i o n  by  
t h e  H i n d u s  i n  t h e  s e v e n t h  c e n t u r y  ( H o w a r d ,  1 9 4 8 ;  L e t o u r n e u x ,  
195 7 ; v a n  A l p h e n  De V e e r ,  195 7 ) .  T h e r e  i s  h o w e v e r  c l e a r  
a g r e e m e n t  on t h e  p r e s e n c e  o f  t e a k  i n  I n d o n e s i a  f o r  som e 1 , 3 0 0  
y e a r s .  The a r e a  s h o u l d  t h e r e f o r e  b e  c o n s i d e r e d  as  an 
i n d e p e n d e n t  s e e d  s o u r c e ,  f o r  e v e n  i f  t e a k  was  o r i g i n a l l y  
i n t r o d u c e d  t o  I n d o n e s i a ,  i t  m u s t  now h a v e  b e e n  s u f f i c i e n t l y  
m o d i f i e d  t o  be  r e g a r d e d  as  a s e p a r a t e  p r o v e n a n c e .
The  r e c o r d e d  l a t i t u d i n a l  l i m i t s  o f  t h e  s p e c i e s  i n  t h e  
n o r t h e r n  h e m i s p h e r e  a r e  b e t w e e n  2 5 ° 3 0 '  N a n d  10°N 
( L e t o u r n e u x ,  1 9 5 7 ;  K e r m o d e ,  1 9 6 4 ) .  I f  t h e  o c c u r r e n c e  i n  
I n d o n e s i a  i s  n a t u r a l ,  t h e  l a t i t u d i n a l  l i m i t s  i n  t h e  s o u t h e r n
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h e m i s p h e r e  w o u l d  b e  b e t w e e n  5°S a n d  9 ° S .  The  d i s t r i b u t i o n  
p a t t e r n  i s  d i s c o n t i n u o u s  ( T r e v o r  a n d  C h a m p i o n ,  1 9 3 8 ) ,  and  
o c c u r r e n c e s  a r e  l i m i t e d  t o  r e g i o n s  w i t h  an a l t i t u d e  o f  914  
m e t r e s  o r  l e s s  ( S t a m p ,  1 9 2 5 ) .
As a l r e a d y  h a s  b e e n  d i s c u s s e d  u n d e r  C h a p t e r  I I ,  t h e  
s p e c i e s  o c c u r s  p r i m a r i l y  i n  t h e  m i x e d  d e c i d u o u s  f o r e s t  t y p e ,  
b u t  i t  i s  a l s o  f o u n d  i n  t h e  s e m i - e v e r g r e e n  a n d  t h e  
d e c i d u o u s  d i p t e r o c a r p  f o r e s t s .  T h i s  i s  t r u e  f o r  a l l  t h e  
c o u n t r i e s  w h e r e  t e a k  o c c u r s  n a t u r a l l y ,  a n d  t h e  o c c u r r e n c e  
o f  t h e s e  f o r e s t  t y p e s  i s  w i d e s p r e a d  ( H a i g  et_ aj_. , 1958)  .
4 . 2  C l i m a t i c  r e q u i r e m e n t s
4 . 2 . 1  R a i n f a l l
G r o w t h ,  d e v e l o p m e n t ,  a n d  q u a l i t y  o f  t e a k  i s  t o  a g r e a t  
e x t e n t  d e t e r m i n e d  b y  t h e  a m o u n t  a n d  d i s t r i b u t i o n  o f  r a i n f a l l  
( B e l l o u a r d ,  1956  ; M e n s b r u g e ,  1956 ; H a i g  et^ aA_. , 195 8 ;
Ke r m o d e , 19 6 4 ) .
The  s p e c i e s  g r o ws  w e l l  i n  w a r m ,  m o i s t ,  t r o p i c a l  r e g i o n s  
w i t h  an a n n u a l  r a i n f a l l  w i t h i n  t h e  r a n g e  1 , 2 7 0  mm t o  3 , 8 1 0  mm 
( H a i g  e_t aJL^ . , 1958 )  . B u t  t h e  s p e c i e s  d o e s  o c c u r  i n  a r e a s  
w i t h  r a i n f a l l  as  l ow as  760 mm, as  f o r  e x a m p l e  i n  p a r t s  o f  
M e i k t i l a  F o r e s t  D i v i s i o n  i n  Bur ma  ( F i g u r e  6 ) .  I n  t h e s e  
a r e a s ,  i t  i s  n o r m a l l y  s t u n t e d  a n d  c r o o k e d ,  a n d  o f  v e r y  p o o r  
q u a l i t y  ( S t a m p ,  1925 ; H a i g  e t  a ^ .  , 1958)  . The  a u t h o r  h a s  
o b s e r v e d  t e a k  t r e e s  i n  s u c h  low r a i n f a l l  a r e a s  t o  h a v e  a 
maxi mum h e i g h t  o f  o n l y  e i g h t  o r  n i n e  m e t r e s .
The  r e g i o n  w i t h  t h e  h i g h e s t  r a i n f a l l  i n  w h i c h  t e a k  
o c c u r s  n a t u r a l l y  in Bur ma  i s  t h e  Th a t  o n / A t  a r  a n / K a d o e  a n d  
A g e n c y  D i v i s i o n  ( F i g u r e  6 . ) .  T h i s  r e g i o n  h a s  an a n n u a l
F i g u r e  6 Map o f  Bur ma  s h o w i n g  
t h e  s i t u a t i o n  o f  t h e  
s e l e c t e d  w e a t h e i  
s t a t i o n s .
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rainfall (ranges between 1,079 mm to 2,931 mm). However, 
the one feature common to all is the presence of a definite 
dry season of two months or more.
A dry period of several weeks is known to be deleterious 
to teak seedlings but not to established trees (Kermode,
1957 , 1964 ; Haig et_ al_. , 1958) . It is therefore important 
for seedlings to be well established prior to the commence­
ment of a dry period. This suggests a need for a reliable 
and consistent rainfall during the growing season, especially 
during the first year of establishment. Consequently, teak 
might be expected to be unsuited to areas subject to 
sporadic drought in what was normally a wet season.
Plantation establishment in such conditions would appear to 
be liable to failure.
Topography and rainfall interact in determining the 
performance of teak. Normally, on dry hill tops, ridges, 
and upper slopes, teak grows better on the cooler northern 
and eastern aspects rather than on the hot southern and 
western aspects (Griffith and Gupta, 1947 ; Kulkarni, 1951) . 
However, in heavy rainfall areas, teak prefers the warmer 
southern and western aspects, while the cooler northern and 
eastern aspects are occupied by wetter evergreen forests.
4.2.2 Temperature
No detailed studies have been made on the temperature 
requirement of teak although the species has an extensive 
distribution through areas with markedly varying temperature 
regimes (Table 10, Figure 7.1 and 7.2). This suggests 
tolerance of a wide range of temperatures. Haig e_t aj^ . ( 1958) 
recorded the shade temperature of the regions where teak
28
grows best as between 12.5°C and 40°C, but noted the 
species will survive within the temperature extremes of 2°C 
and 46°C. 'Shade temperature' was not defined by these 
authors, but is presumed to be similar to that recorded 
behind a Stevenson screen. These figures are supported by 
the detailed temperature ranges of the localities within 
the natural teak zone given in Figures 7 and 8.
The species is also known to be severely cut back by 
frost (Stamp, 1925 ; Takle and Mujumdar, 1957 ; Haig et^  al . ,
195 8; Kermode, 1964) . This agrees with the species' 
altitudinal limit (914 m) which is also considered as the 
frost line in Burma (Stamp, 1925). However, Kadambi (1957) 
notes that frosts rarely killed trees in the frosty area of 
India. In these frosted areas, seedlings were regularly 
cut back until they were above the frosted levels after 
which they developed normally. However, the intensity and 
duration of the frost referred to by Kadambi are not 
recorded, but a need for care is indicated in the establish­
ment of teak in frosty areas.
There are no other reports of the importance of 
temperature for teak development and this suggests the 
species may be tolerant of a wide range of temperatures. 
However, with the increasing interest in plantations and the 
exchange of seeds between localities which may have widely 
differing temperature regimes, it would appear important to 
determine the temperature sensitivity of teak provenances.
Any provenance shown to be restricted to a limited temperature 
range would not then be used outside that range.
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4.2.3. Day length
No studies of the effects of changing daylength on 
the development or growth of teak have been recorded.
Because of the small variation in the daylength in the tropics, 
botanists have assumed that tropical species are not markedly 
affected by daylength fluctuation (Lowe, 1968). However, 
the work of Njoku ( 1964) on Hi 1 de gardia b arteri (Mast)
Kostern, in Nigeria and that of Piringer et_ al. , (1958) on
Rauvolfia vomitoria Afzel. in tropical Africa suggests that 
this may not be a well founded assumption, and daylength may 
be a more important factor of the environment in the tropical 
regions than is generally realized. Cacao and several other 
tropical species react to variation in daylength in the same 
way as temperate plants in so far as the vegetative growth 
is concerned. As the latitude increases north or south of 
the equator, this response of tropical plants to daylength 
variation becomes more pronounced (Alvim, 1964) .
Teak is known to respond to light intensity. Bhatnagar 
(1966) grew teak seedlings under 9 per cent, 22 per cent,
94 per cent and 100 per cent of natural light intensity.
When measured, he found that there was direct correlation 
between total plant dry weight and height growth, and height 
growth was greatest at 94 per cent (14.3 cm). This was 
followed by 100 per cent (13.0 cm) , 22 per cent (10.8 cm) , 
and 9 per cent (7.8 cm) respectively. This seems to indicate 
that although the species demands high light intensity, it 
does need some shading in the seedling stage. Similarly, 
Kadambi ( 195 7), and Takle and Mujumdar ( 1957) also noted that 
although teak is strongly light demanding, seedlings do
benefit from moderate shade.
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4 . 2 . 4  C l i m a t i c  c o n d i t i o n s  o f  Bur ma
The c l i m a t e  i n  Bur ma  i s  c h a r a c t e r i z e d  by  d e f i n i t e  we t  
and  d r y  s e a s o n s .  The  w e t  s e a s o n  o c c u r s  d u r i n g  s umme r  
( J u n e  - O c t o b e r )  , a nd  t h e  d r y  s e a s o n  d u r i n g  t h e  w i n t e r  
( N o v e m b e r  -  M a y ) .
C l i m a t i c  d a t a  f o r  a f ew s e l e c t e d  l o c a l i t i e s  a p p r o x i m a t e l y  
r e p r e s e n t a t i v e  o f  m o s t  a r e a s  o f  t h e  c o u n t r y  a r e  p r e s e n t e d  
i n  T a b l e s  11 and  12 and  F i g u r e s  8 . 1  t o  8 . 5 .  ( S e e  a l s o  
F i g u r e  6 ) .  Of  t h e s e ,  M y i t k y i n a ,  T o u n g o o , and  T h a r a w a d d y  
r e p r e s e n t  a r e a s  c a r r y i n g  g o o d  n a t u r a l  t e a k  f o r e s t s ,  A k y a b ,  
S a n d o w a y ,  a n d  T a v o y  r e p r e s e n t  a r e a s  w i t h  t r o p i c a l  e v e r g r e e n  
f o r e s t s ,  a n d  M y i n g y a n  and  Mi n b u  r e p r e s e n t  t h e  d r y  z one  o f  
C e n t r a l  Bu r ma .
Mo s t  a r e a s  o f  Bur ma h a v e  a r a i n f a l l  p a t t e r n  d e t e r m i n e d  
b y  t wo  m o n s o o n a l  i n f l u e n c e s  ( N u t t o n s o n ,  1 9 6 3 ) .  A l l  h a v e  a 
d r y  p e r i o d  f r o m No v e mb e r  t h r o u g h  t o  A p r i l  whe n  t h e  c o u n t r y  
i s  a f f e c t e d  by  t h e  n o r t h - e a s t  m o n s o o n .  T h i s  b l o w s  f r o m 
t h e  c o n t i n e n t a l  l a n d  mass  o f  E a s t  A s i a  a n d  b r i n g s  d r y  a n d  
c o l d  c o n d i t i o n s .  F o r  t h e  r e m a i n d e r  o f  t h e  y e a r  t h e  s o u t h ­
w e s t  mo n s o o n  p r e v a i l s .  T h i s  b r i n g s  m o i s t u r e  l a d e n  a i r  
m a s s e s  t o  t h e  c o u n t r y  f r o m  t h e  I n d i a n  O c e a n .  A r e a s  i n  t h e  
c o a s t a l  s t r i p s  [ A k y a b ,  S a n d o w a y ,  T a v o y ,  V i c t o r i a  P o i n t )  
r e c e i v e  v e r y  h e a v y  r a i n f a l l  i n  t h i s  p e r i o d ,  b u t  a r e a s  i n l a n d  
( M a n d a l a y ,  M y i n g y a n ,  Mi nbu)  l i e  i n  a r a i n  s h a d o w  a r e a  b e h i n d  
a m o u n t a i n  r a n g e  ( A r a k a n  Y o m a ) , ( s e e  F i g u r e  1 f o r  l o c a t i o n ) , 
a nd  r e c e i v e  a p p r e c i a b l y  l e s s .
T h u s ,  a l t h o u g h  t h e  r a i n f a l l  v a r i e s  c o n s i d e r a b l y  
t h r o u g h o u t  t h e  c o u n t r y  much o f  t h e  a r e a  i s  w i t h i n  t h e  r a i n ­
f a l l  r a n g e  s p e c i f i e d  a b o v e  as  s u i t a b l e  f o r  t h e  o c c u r r e n c e
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d i s t r i b u t i o n  o f  m o n t h l y  r a i n f a l l  and  
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F i g u r e  8 . 3 C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  and  
d i s t r i b u t i o n  o f  m o n t h l y  r a i n f a l l  and  
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F i g u r e  8 . 5  C l i m o g r a m s  s h o w i n g  t h e  i n t e n s i t y  a n d  
d i s t r i b u t i o n  o f  m o n t h l y  r a i n f a l l  a n d  
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o f  n a t u r a l  t e a k  f o r e s t s  ( 1 , 2 7 0  mm - 3 , 8 1 0  mm) . M o r e o v e r ,  
m o s t  a r e a s  a l s o  h a v e  t h e  n e c e s s a r y  d r y  s e a s o n .
B e s i d e s  a common r a i n f a l l  p - a t t e r n ,  t h e r e  i s  a l s o  a 
common t e m p e r a t u r e  p a t t e r n  f o r  m o s t  o f  t h e  c o u n t r y .  The 
c o o l e s t  m o n t h s  a r e  D e c e m b e r ,  J a n u a r y ,  a nd  F e b r u a r y ,  d u r i n g  
w h i c h  t h e  mean m o n t h l y  t e m p e r a t u r e  i s  a p p r o x i m a t e l y  15°C 
f o r  t h e  h i l l y  r e g i o n s  [ M y i t k y i n a ,  L a s h i o ,  T a u n g g y i )  , and  
23°C f o r  t h e  l o w l a n d  a r e a s .  The  h o t t e s t  m o n t h s  a r e  g e n e r a l l y  
A p r i l  a n d  May when  mean m o n t h l y  t e m p e r a t u r e s  a r e  a p p r o x i ­
m a t e l y  32°C i n  t h e  c e n t r a l  d r y  z o n e  ( M a n d a l a y ,  M y i n g y a n ,  
M i n b u ) , 30°C i n  t h e  l o w l a n d s  ( T o u n g o o ,  T h a r a w a d d y ,  R a n g o o n ,  
M o u l m e i n ,  B a s s e i n ,  Akyab , S a n d o w a y ,  T a v o y ,  V i c t o r i a  P o i n t ) ,  
and  25°C on t h e  h i g h l a n d s  ( M y i t k y i n a ,  L a s h i o ,  T a u n g g y i ) .
The o v e r a l l  a n n u a l  t e m p e r a t u r e  r a n g e  i n  a p a r t i c u l a r  
l o c a l i t y  d e c r e a s e s  w i t h  l a t i t u d e .  I n  a r e a s  n o r t h  o f  R a n g o o n ,  
t h e  r a n g e  o f  mean m o n t h l y  t e m p e r a t u r e s  i s  a p p r o x i m a t e l y  
15° - 25 ° C ( 1 0 ° C  d i f f e r e n c e )  i n  t h e  h i l l y  r e g i o n s  and  
a p p r o x i m a t e l y  23°C - 31°C C8°C d i f f e r e n c e )  i n  t h e  l o w l a n d s .
I n  Ra n g o o n  a nd  s o u t h e r n  r e g i o n s ,  h o w e v e r ,  t h e  s ame  t e m p e r a ­
t u r e  r a n g e  i s  a p p r o x i m a t e l y  2 5 °  - 30°C (5 °C d i f f e r e n c e )  and  
a t  t h e  f u r t h e s t  l o c a l i t y  s o u t h  ( V i c t o r i a  P o i n t )  i s  o n l y  
27°C - 29 ° C ( 2 ° C d i f f e r e n c e ) .  D a i l y  t e m p e r a t u r e  r a n g e s  
f o l l o w  a s i m i l a r  p a t t e r n  a n d  t h e  t e m p e r a t u r e  t h u s  b e c o m e s  
mor e  e q u a b l e  t o w a r d s  t h e  e q u a t o r .
4 . 3  E d a p h i c  r e q u i r e m e n t
4 . 3 . 1  G e o l o g y
S e v e r a l  a u t h o r s  h a v e  t r i e d  t o  c o r r e l a t e  t h e  o c c u r r e n c e  
o f  t e a k  w i t h  t h e  u n d e r l y i n g  p a r e n t  m a t e r i a l s  ( V a h i d ,  1 9 2 7 ;
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K a d a m b i ,  1 9 5 1 ;  K u l k a r n i ,  1 9 5 1 ;  S a t h e ,  1 9 5 1 ) .  S a t h e  ( 1 9 5 1 )  
r e v i e w i n g  t h e  r o l e  o f  g e o l o g y  i n  t h e  d i s t r i b u t i o n  o f  p l a n t  
c o m m u n i t i e s  p o i n t e d  o u t  t h a t  p l a n t  l i f e  i s  m a i n l y  c o n t r o l l e d  
by s o i l  a n d  w a t e r .  S o i l  i s  d i r e c t l y  r e l a t e d  t o  t h e  s u r f a c e  
g e o l o g y ,  a n d  r e t e n t i o n  o f  s o i l  m o i s t u r e  i s  t o  a g r e a t  
e x t e n t  d e t e r m i n e d  by  l o c a l  a n d  r e g i o n a l  g e o l o g y .  S a t h e  
r e a s o n e d  t h e r e f o r e  t h a t  t h e  un de r  l y  i n  g gp o 1 o g i  c a l  m a t e r i a l  
was  m o s t  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  d i s t r i b u t i o n  o f  p l a n t  
c o m m u n i t i e s .  O t h e r  a u t h o r s  h a v e  h o w e v e r  q u a l i f i e d  t h e  
i m p o r t a n c e  o f  g e o l o g i c a l  f o r m a t i o n s  i n  d e t e r m i n i n g  t h e  
o c c u r r e n c e  o f  n a t u r a l  t e a k  f o r e s t s .
T e a k  i s  r e c o r d e d  a s  o c c u r r i n g  on a w i d e  v a r i e t y  o f  
g e o l o g i c a l  f o r m a t i o n s  a n d  r o c k  t y p e s .  T h e s e  i n c l u d e  l i m e ­
s t o n e ,  g r a n i t e ,  g n e i s s ,  s c h i s t ,  s a n d s t o n e ,  c o n g l o m e r a t e ,  
s h a l e  a n d  t h e  i g n e o u s  D e c c a n  t r a p ,  t h e  m a j o r  I n d i a n  r o c k  
f o r m a t i o n  a s s o c i a t e d  w i t h  t e a k  ( K u l k a r n i ,  1 9 5 1 ;  P u r i ,  1 9 5 1 ;
B a n i j b h a t  an a , 195 7;  S e t h  a n d  Y a d a v ,  1957 ; T a k l e  a n d  M u j u m d a r ,  
195 7 ; H a i g  et_ a_l . , 1958)  . H o w e v e r ,  w h i l s t  t e a k  d o e s  o c c u r
on s o i l s  o v e r l y i n g  c o n g l o m e r a t e ,  s a n d s t o n e  o r  l a t e r i t e ,  i t  
w i l l  n o t  g r ow w e l l  i n  s u c h  l o c a l i t i e s .  I n d e e d ,  i t  may be  
a b s e n t  f r o m s u c h  s o i l s  ( K a d a m b i ,  1 9 5 7 ;  S e t h  a n d  Y a d a v ,  1 9 5 7 ;  
T a k l e  a n d  M u j u m d a r ,  1 9 5 7 ) .
I n  t h e  S t a t e  o f  Ma d h y a  p r a d e s h ,  I n d i a ,  K u l k a r n i  ( 1 9 5 1 )  
s u r v e y e d  a p p r o x i m a t e l y  3 , 8 9 0  s q u a r e  k i l o m e t r e s  o f  f o r e s t s  
and t h e  g e o l o g y  o f  t h e  r e g i o n  by  c o m p l e t e  e n u m e r a t i o n  u s i n g  
r a n d o m  s a m p l e  p l o t s ,  o n e  a c r e  i n  s i z e  a n d  d i s t r i b u t e d  
t h r o u g h o u t  t h e  a r e a .  At  e a c h  p l o t  l o c a t i o n ,  r e c o r d s  w e r e  
made o f  t h e  f o r e s t  c o m p o s i t i o n ,  t h e  l o c a l  g e o l o g y ,  a l t i t u d e ,  
t o p o g r a p h y ,  r a i n f a l l  a n d  t h e  t e m p e r a t u r e  r e g i m e ;  any
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m o d i f y i n g  e f f e c t s  due t o  i n t e r f e r e n c e  by  ma n ,  g r a z i n g ,  o r  
f i r e  w e r e  a l s o  r e c o r d e d .  No c o r r e l a t i o n  c o u l d  be  e s t a b l i s h e d  
b e t w e e n  t h e  e x i s t e n c e  o f  t e a k  and  a l t i t u d e ,  t o p o g r a p h y ,  
r a i n f a l l ,  o r  t e m p e r a t u r e .  U n f o r t u n a t e l y ,  t h e  m e t h o d s  by  
w h i c h  c o r r e l a t i o n s  w e r e  a t t e m p t e d  w e r e  n o t  d e f i n e d .  The 
r a n g e  o f  a l t i t u d e s  s a m p l e d ,  and  t h e  r a i n f a l l  a n d  t e m p e r a t u r e  
r e g i m e s  w e r e  a l l  w i t h i n  t h o s e  n o t e d  a b o v e  as  s u i t a b l e  f o r  
t h e  o c c u r r e n c e  o f  t e a k  a n d  t h i s  may e x p l a i n  why c o r r e l a t i o n  
p a t t e r n s  c o u l d  n o t  b e  e s t a b l i s h e d  l i n k i n g  t h e s e  f e a t u r e s  
w i t h  t h e  o c c u r r e n c e  o f  t e a k .  More  i m p o r t a n t l y ,  h o w e v e r ,  
k u l k a r n i  was a b l e  t o  d e m o n s t r a t e  a r e l a t i o n s h i p  b e t w e e n  t h e  
g e o l o g i c a l  f o r m a t i o n s  a n d  t h e  o c c u r r e n c e  o f  t e a k  ( T a b l e  1 3 ) .  
F u r t h e r  s u p p o r t  was  g i v e n  when t h e  s a me  o v e r a l l  p a t t e r n  
was f o u n d  i n  b o t h  t h e  g e o l o g i c a l  map o f  t h e  l o c a l  a r e a  and  
f o r e s t  s t o c k  ma p ,  t h e s e  h a v i n g  b e e n  p r e p a r e d  b y  d i f f e r e n t  
g o v e r n m e n t  a g e n c i e s  a t  d i f f e r e n t  t i m e s .  A l t h o u g h  K u l k a r n i  
a d m i t t e d  t h e  r e l a t i o n s h i p  was  p u r e l y  q u a l i t a t i v e  and  
a p p l i c a b l e  o n l y  t o  t h e  r e g i o n  s t u d i e d ,  i n  t h e  N o r t h  C h a n d a  
D i v i s i o n  i n  I n d i a ,  V a h i d  ( 192 7) o b s e r v e d  t e a k  t o  b e  p r e s e n t  
w h e n e v e r  t h e  g e o l o g i c a l  c o n d i t i o n s  w e r e  f a v o u r a b l e ,  a n d  f e l t  
t h a t  w h e r e  t e a k  d i d  n o t  o c c u r ,  t h e  g e o l o g y  o f  t h e  l o c a l i t y  
m u s t  be  u n s u i t a b l e .  A l s o  i n  M y s o r e ,  I n d i a ,  Ka d a mb i  ( 1 9 5 1 )  
f o u n d  t h a t  c h a n g e s  i n  t h e  p a r e n t  r o c k  c a u s e d  m a r k e d  c h a n g e s  
i n  t h e  o c c u r r e n c e  a n d  g r o w t h  o f  t e a k ,  a d d i n g  f u r t h e r  s u p p o r t
t o  t h e  wo r k  o f  K u l k a r n i  a n d  V a h i d .
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T a b l e  13.  E f f e c t  o f  g e o l o g i c a l  f o r m a t i o n  on t h e  
d i s t r i b u t i o n  o f  t e a k  as  g i v e n  by  
Ku l k  a r n i  ( 195  1)
G e o l o g i c a l f o r m a t i o n P e r c e n t a g e  o f  t e a k  w i t h i n  t h e  f o r e s t  
c o m p o s i t i o n
D e c c a n  t r a p 80
G r a n i t e  g n e i s s e s 75
C a l c a r i o u s  c r y s t a l l i n e r o c k 60
P h y l i t e s  a n d  s c h i s t s 50
B a g r a  c o n g l o m e r a t e 45
J a b a l p u r  c o n g l o m e r a t e a n d  h a e m a t i t e 15
T a l c h i r s  a n d  B a r a k a r s ( s a n d s t o n e ) 8
B i j o r i s  ( s a n d s t o n e ) 3
P a c h m a r k i  s a n d s t o n e 0
Denwa s a n d s t o n e 0
J a b a l p u r  s a n d s t o n e 0
O t h e r  w o r k e r s  h o w e v e r  b e l i e v e  s u c h  r e l a t i o n s h i p s  b e t w e e n  
t h e  u n d e r l y i n g  r o c k  f o r m a t i o n  a n d  t h e  d i s t r i b u t i o n  o f  t e a k  
a r e  o v e r s i m p l i f i c a t i o n s .  T a k l e  a n d  Mu j u md a r  ( 195 7) f e l t  
c l i m a t e ,  a l t i t u d e ,  a n d  b i o t i c  f a c t o r s  t o  be  mor e  i m p o r t a n t ,  
s i n c e  t h e s e  f a c t o r s  m o d i f i e d  t h e  e f f e c t s  o f  t h e  p a r e n t  rock  
a nd  d e t e r m i n e d  t h e  p h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  t h e  s o i l  
f o r m e d  f r o m  i t .  G u p t a  ( 1 9 5 7 )  , s i m i l a r l y  f e l t  t h e  
a p p l i c a t i o n  o f  g e o l o g i c a l  g e n e r a l i z a t i o n  t o  a r e a s  w h e r e  
w e a t h e r i n g  c o n d i t i o n s  w e r e  i n t e n s e  was  q u e s t i o n a b l e .  In 
h i s  o p i n i o n ,  s t r i c t  a d h e r e n c e  t o  g e o l o g i c a l  f o r m a t i o n s  t o  
d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  t e a k  l e a d s  t o  f a l s e  c o n c l u s i o n s .  
G u p t a  was  s u p p o r t e d  b y  a r e p o r t  by  Ka d a mb i  ( 1 9 5 7 )  who s h o w e d  
t h a t  a l t h o u g h  t e a k  g e n e r a l l y  a v o i d s  l a t e r i t e ,  a r e d  l oam 
f o r m e d  f r o m a c o m p l e t e l y  w e a t h e r e d  l a t e r i t e  h a s  b e e n  f o u n d  
s u i t a b l e  f o r  n a t u r a l  r e g e n e r a t i o n  o f  t h e  s p e c i e s .
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Thus  b r o a d  g e n e r a l i z a t i o n  b e t w e e n  g e o l o g i c a l  f o r m a t i o n  
a nd  t e a k  o c c u r r e n c e  . i s  c l e a r l y  p o s s i b l e  i n  some a r e a s  o f  
I n d i a ,  and  some p a r e n t  m a t e r i a l s  c l e a r l y  l i m i t  t e a k  
o c c u r r e n c e .  H o w e v e r ,  c a r e  s h o u l d  b e  t a k e n  i n  a p p l y i n g  t h e  
g e n e r a l i z a t i o n ,  f o r  t h e  e f f e c t  o f  t h e  u n d e r l y i n g  m a t e r i a l s  
c a n  be  m o d i f i e d  b y  c l i m a t i c  a n d  b i o t i c  f a c t o r s ,  p a r t i c u l a r l y  
w h e r e  w e a t h e r i n g  i s  i n t e n s e .
4 . 3 . 2  S o i l
S o i l  f a c t o r s  known t o  a f f e c t  t h e  g r o w t h  o f  t e a k  a r e  
m o i s t u r e  s t a t u s ,  s o i l  d e p t h ,  s t r u c t u r e ,  t e x t u r e ,  a nd  
f e r t i l i t y  b o t h  o f  s u r f a c e  a nd  s u b - s u r f a c e  s o i l s .  S o i l  pH 
was  a l s o  b e l i e v e d  t o  a f f e c t  t h e  g r o w t h  o f  t e a k ,  b u t  t h e r e  
a r e  c o n t r a d i c t o r y  i d e a s  a n d  t h i s  n e e d s  f u r t h e r  c o n f i r m a t i o n .
The b e s t  t e a k  t e n d s  t o  d e v e l o p  i n  d e e p  w e l l  d r a i n e d  
a l l u v i u m  f o u n d  a l o n g  t h e  b a n k s  o f  t h e  r i v e r s  ( G r i f f i t h  and  
G u p t a ,  1947 ; S e t h  and  Y a d a v ,  1957  ; T a k l e  a nd  M u j u m d a r ,  195 7 ) .  
I n  a g r e e m e n t  w i t h  t h e  a b o v e ,  t h e  a u t h o r  h a s  a l s o  o b s e r v e d  
t e a k  p l a n t a t i o n s  i n  Bur ma  t o  be  o f  h i g h  q u a l i t y  on a l l u v i u m  
a l o n g  t h e  b a n k s  o f  s t r e a m s ,  b u t  t h e  q u a l i t y  d e t e r i o r a t e d  
up s l o p e  w h e r e  s t a g h e a d e d  o r  d e a d  t r e e s  f r e q u e n t l y  o c c u r r e d .  
I n  t h e  n a t u r a l  f o r e s t s  o f  B u r ma ,  g r o w t h  o f  t e a k  i s  n o t i c e a b l y  
mor e  v i g o r o u s  a t  t h e  f o o t  o f  t h e  r i d g e s  t h a n  on t o p .
G r i f f i t h  a n d  G u p t a  ( 1 9 4 7 )  o b s e r v e d  t h e  s ame  i n  I n d i a .  
R e l a t i o n s h i p  b e t w e e n  t e a k  d i s t r i b u t i o n  a n d  s o i l  m o i s t u r e  h a s  
a l s o  b e e n  r e c o r d e d  by  Ch a mp i o n  ( 1 9 3 8 ) ,  who f o u n d  t e a k  f o r e s t s  
i n  I n d i a  a n d  Bur ma  w e r e  a s s o c i a t e d  w i t h  t h e  m o i s t e r  s o i l s .
T e a k  w i l l  n o t  t o l e r a t e  w a t e r  l o g g i n g  o r  s t i f f  c l a y e y  
s o i l s  ( B h a t i a  1 9 5 4 ;  K a d a m b i ,  1957  ; T a k l e  a nd  M u j u m d a r ,  1957 ;
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S t e v e n s ,  1 9 7 0 ) .  Ka da mbi  n o t e d  u n d e r  c o n d i t i o n s  o f  w a t e r  
l o g g i n g  o r  s t i f f  c l a y  s o i l ,  t e a k  was r e p l a c e d  b y  An oge  i s  s us  
l a t i f o l i a  W a l l .  S i m i l a r l y ,  G r i f f i t h  a n d  G u p t a  ( 1947)  f o u n d  
a l ow S i 0 2 / R 2 ^ 3  r a t i o ,  a low d i s p e r s i o n  c o e f f i c i e n t  and 
an u n u s u a l l y  low o r  u n u s u a l l y  h i g h  w a t e r  t a b l e  w e r e  a l l  
u n f a v o u r a b l e  f o r  t h e  g r o w t h  o f  t e a k .
The  s p e c i e s  i s  a l s o  r e p o r t e d  as  a v o i d i n g  s o i l s  l i a b l e  
t o  d r o u g h t  ( B h a t i a ,  1 9 5 4 ;  K e r m o d e ,  1 9 5 7 ,  1 9 6 4 ;  H a i g  e t  a l . ,  
1 9 5 8 ;  S t e v e n s ,  1 9 7 0 ) ,  b u t  n o  d e t a i l e d  s t u d i e s  on r e p o r t s  
a r e  a v a i 1 a b l e .
T h e r e  a r e  c o n t r a d i c t i o n s  i n  t h e  r e p o r t  o f  t h e  s o i l  pH 
l e v e l  p r e f e r r e d  b y  t e a k .  A c c o r d i n g  t o  t h e  r e p o r t  f r o m  I n d i a  
i n c l u d e d  i n  t h e  F . A . O . ’ s ' C o u n t r y  R e p o r t  on T e a k '  ( An o n ,  
1 9 5 6 ) ,  t e a k  u s u a l l y  o c c u r s  on s o i l  w i t h  a pH w i t h i n  t h e  
r a n g e  o f  6 . 5  - 7 . 5 .  Be l o w pH 6 . 0 ,  t e a k  wa s  c o m p l e t e l y  
a b s e n t  a n d  a b o v e  pH 8 . 5 ,  g r o w t h  was  p o o r .  T h i s  was  s u p p o r t e d  
by  K u l k a r n i ' s  ( 1 9 5 1 )  wo r k  i n  t h e  H o s h a n g a b a d  d i v i s i o n  i n  
I n d i a .  H o w e v e r ,  G u p t a  ( 1 9 5 1 )  f o u n d  t h a t  s o i l s  i n  s i t e  
q u a l i t y  I I  a n d  I I I  o f  t e a k  p l a n t a t i o n  i n  N i l a m b u r ,  I n d i a ,  
h a d  pH v a l u e  r a n g i n g  b e t w e e n  5 . 5  -  5 . 8 ,  w h i c h  i s  w e l l  b e l o w  
t h e  l i m i t s  s e t  by  K u l k a r n i .  S i m i l a r l y ,  S t e v e n s ,  ( 1 9 7 0 )  i n  
a s o i l  s u r v e y  o f  t e a k  p l a n t a t i o n s  i n  La o s  s h o w e d  a l m o s t  a l l  
s o i l s  s t u d i e d  h a d  a pH o f  4 . 0  - 6 . 0 .  I n  many i n s t a n c e s ,  
p l o t s  w i t h  h i g h  s i t e  q u a l i t y  h a d  a s o i l  pH o f  5 . 5  - 6 . 5  
w h i l s t  p l o t s  on low q u a l i t y  s i t e s  g e n e r a l l y  h a d  a v e r y  a c i d i c  
pH.  S t e v e n s  c o n c l u d e d  t h e r e  a p p e a r s  t o  b e  n o  h i g h l y  
c o r r e l a t e d  p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  r a t e  o f  t e a k  g r o w t h  
a nd  n e u t r a l  o r  s l i g h t l y  a c i d  s o i l  pH.  A l t h o u g h  S t e v e n ' s  
a nd  G u p t a ' s  r e p o r t s  on pH v a l u e  c o v e r e d  o n l y  t e a k  p l a n t a t i o n
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s o i l ,  t h e r e  i s  c l e a r l y  some c o n f u s i o n  a n d  mor e  wo r k  n e e d s  
t o  be  d o n e  b e f o r e  d e f i n i t e  c o n c l u s i o n s  can  be  d r a wn  on 
l i m i t a t i o n s  o f  t h e  o c c u r r e n c e  a nd  g r o w t h  o f  t e a k  by  pH v a l u e s .
S e v e r a l  s t u d i e s  h a v e  i n d i c a t e d  a r e l a t i o n s h i p  b e t w e e n  
s o i l  c a l c i u m  a n d  t h e  o c c u r r e n c e  a n d  g r o w t h  o f  t e a k  ( Ka d a mb i  , 
1 9 5 1 ;  K u l k a r n i ,  1 9 5 1 ;  P u r i ,  1951)  . I n  I n d i a ,  Ka da mbi  ( 1937)  
e x a m i n e d  s o i l  s a m p l e s  f r o m  t h e  c e n t r a l  and  s o u t h e r n  p o r t i o n  
o f  M u t h o d i  S t a t e  f o r e s t s  w h i c h  s u p p o r t e d  h i g h  q u a l i t y  t e a k  
f o r e s t  a n d  t h e  n o r t h e r n  p o r t i o n  o f  t h e  s a me  f o r e s t  w h i c h  
was  a l t o g e t h e r  t e a k l e s s .  The  r e s u l t s  r e v e a l e d  l i m e  as 
p r e s e n t  i n  v e r y  s m a l l  a m o u n t s  ( u n s p e c i f i e d )  i n  t h e  s o i l  o f  
t h e  f o r m e r  a n d  as  a b s e n t  i n  t h o s e  o f  t h e  l a t t e r ,  o t h e r w i s e  
t h e  s o i l s  a p p e a r e d  s i m i l a r  i n  a l l  r e s p e c t s .  P u r i  a n d  G u p t a  
( 1950)  u s i n g  f o l i a r  c a l c i u m  a n a l y s i s  i n  I n d i a  s h o w e d  t e a k  
h a s  a much h i g h e r  d e ma n d  f o r  s o i l  c a l c i u m  t h a n  d i d  s a l  
( S h o r e a  r o b  us  t  a G a e r t n .  f . )  .
H o w e v e r ,  L a u r i e  ( 1 9 3 1 )  a n a l y s e d  t h e  s o i l s  o f  t wo  
a p p a r e n t l y  i d e n t i c a l  a r e a s  i n  t h e  P a l a k a d o n  v a l l e y  i n  M a d r a s ,  
one  o f  w h i c h  c o n t a i n e d  an e x c e l l e n t  g r o w t h  o f  t e a k  a n d  t h e  
o t h e r  n o n e .  He f o u n d  b o t h  a r e a s  h a d  p o o r  l i m e  s t a t u s .
L a u r i e  a l s o  o b s e r v e d  n o  d i f f e r e n c e  i n  r e s p e c t  o f  some 
e l e m e n t s  ( CaO,  P 2 0 ^ ,  ^ 0 )  ° r  * a n d  c o n c l u d e d  t h a t  l i m e  i n  
i t s e l f  was  n o t  n e c e s s a r i l y  a v i t a l  f a c t o r  i n  d e t e r m i n i n g  t h e  
e x i s t e n c e  o f  t e a k .  B h a t i a  ( 1 9 5 5 )  a t t e m p t i n g  t o  e x p l a i n  
L a u r i e ' s  r e s u l t s ,  p e r h a p s  r a t h e r  o p t i m i s t i c a l l y  s u g g e s t e d  
t h e  d e f i c i e n c y  o f  l i m e  i n  t h e  t e a k  a r e a  c o u l d  h a v e  d e v e l o p e d  
as a r e s u l t  o f  d e p l e t i o n  u n d e r  c o n t i n u o u s  t e a k  g r o w t h .  He 
s u g g e s t e d  t h e  a r e a  was  a p p r o a c h i n g  t h e  s e r a i  s t a g e s  i n  
w h i c h  t e a k  w o u l d  b e  r e p l a c e d  b y  o t h e r  s p e c i e s .  Ca r e  s h o u l d  
t h e r e f o r e  c l e a r l y  be  e x e r c i s e d  i n  p l a n t i n g  i n  a r e a s  l a c k i n g
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l i m e ,  b u t  i t  a p p e a r s  s u c c e s s f u l  g r o w t h  c o u l d  b e  p o s s i b l e  
i n  s u c h  s i t e s  .
The s o i l  f a c t o r s  a f f e c t i n g  t e a k  g r o w t h  a p p e a r  t h e r e f o r e  
t o  v a r y  w i t h  l o c a t i o n .  G e n e r a l i z a t i o n s  d e v e l o p e d  f o r  a 
p a r t i c u l a r  r e g i o n  may n o t  be  v a l i d  e l s e w h e r e .  I n  s u mma r y ,  
t e a k  a p p e a r s  t o  p r e f e r  m o d e r a t e l y  a c i d  s o i l  a n d  r e l a t i v e l y  
h i g h  c a l c i u m  l e v e l s ,  b u t  an a b s e n c e  o f  t h e s e  f a c t o r s  w i l l  
n o t  n e c e s s a r i l y  p r e c l u d e  s a t i s f a c t o r y  t e a k  g r o w t h .  S t e v e n s  
( 1 9 7 0 )  h a s  p e r h a p s  s u m m a r i z e d  t h e  p o s i t i o n  m o s t  s a t i s ­
f a c t o r i l y .  C o n s i d e r i n g  a r e a s  f o r  t e a k  p l a n t a t i o n s  i n  Laos  
he  f e l t  t h a t  t o  l o o k  a t  c e r t a i n  r o c k  t y p e s ,  h i g h  s o i l  
c a l c i u m ,  o r  a c i d i t y  as  t h e  s o l e  d e t e r m i n a n t s  o f  t h e  
p o t e n t i a l  g r o w t h  o f  t e a k  was  t o o  s i m p l e  a v i e w  o f  a c o m p l e x  
s i t u a t i o n .  He i n s t e a d  s u m m a r i z e d  t h e  m o s t  s a t i s f a c t o r y  
s o i l  t y p e  f o r  t e a k  p l a n t a t i o n  as  a d e e p ,  p o r o u s ,  f r i a b l e ,  
s a n d y  o r  s i l t y  c l a y  l o a m w i t h  w e l l  d e v e l o p e d  s t r u c t u r e .
4 . 4  F i r e  a n d  s u c c e s s i o n  o f  t e a k  f o r e s t s
I n  t h e  h i g h e r  r a i n f a l l  a r e a s  i n  w h i c h  t e a k  i s  f o u n d  
n a t u r a l l y ,  t h e  s u c c e s s i . o n a l  t r e n d  o f  m o i s t  d e c i d u o u s  
f o r e s t s  i s  o f t e n  t o w a r d s  a s t i l l  m o i s t e r  t y p e  o f  s e m i ­
e v e r g r e e n  a nd  e v e r g r e e n  c l i m a x  C k e r m o d e ,  1 9 5 7 ,  1 9 6 4 ;  T a k l e  
a n d  M u j u m d a r ,  1 9 5 7 ;  H a i g ,  et_ al_. , 1958)  . Mo s t  s p e c i e s  i n  
t h e  m i x e d  d e c i d u o u s  f o r e s t s  a r e  u n a b l e  t o  r e g e n e r a t e  u n d e r  
t h e i r  own s h a d e  as  t h e y  a r e  l i g h t  d e m a n d e r s , w h i l e  t h e  
m a j o r i t y  o f  t h e  e v e r g r e e n  s p e c i e s ,  b e i n g  s h a d e  b e a r e r s  s u r v i v e  
b e i n g  s h a d e d  CAung D i n ,  1 9 5 1 ) .  C o n s e q u e n t l y  i n  an 
u n d i s t u r b e d  c o n d i t i o n ,  t e a k  a n d  o t h e r  l i g h t  d e m a n d i n g  
s p e c i e s  a r e  g r a d u a l l y  r e p l a c e d  b y  t h e  s h a d e  b e a r i n g  e v e r g r e e n  
s p e c i e s  CHa i g ,  e_t _al_. , 195 8) .
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F i r e  c h e c k s  t h e  p r o g r e s s  i n  t e a k  f o r e s t s  t o  t h e  
e v e r g r e e n  t y p e  ( Aung  D i n ,  1 9 5 1 ;  Ke r mode  1 9 5 7 ,  1 9 6 4 ;  H a i g  
e t  a l . ,  195 8 ) .  Young  t e a k  a d v a n c e  g r o w t h  as  w e l l  a s  a f ew 
n u m b e r s  o f  a s s o c i a t e d  s p e c i e s  i n  t h e  d e c i d u o u s  f o r e s t s  c a n  
w i t h s t a n d  b u r n i n g  b a c k  y e a r  a f t e r  y e a r  ( K e r m o d e ,  1957  , 1 9 6 4 ) .  
U n d e r  f a v o u r a b l e  c o n d i t i o n s  t h i s  a d v a n c e  g r o w t h  c a n  s e n d  
up v i g o r o u s  s h o o t s  t o  s u f f i c i e n t  h e i g h t  t o  e s c a p e  f r o m 
t h e  d a n g e r  o f  l i g h t  g r o u n d  f i r e  a n d  b e c o me  e s t a b l i s h e d  
( K e r m o d e ,  1 9 6 4 ) .  E x c e s s i v e  f i r e  w i l l ,  h o w e v e r ,  l e a d  t o  t h e  
r e g r e s s i o n  f r o m  m i x e d  d e c i d u o u s  t e a k  f o r e s t s  t o  o p e n  
s a v a n n a h  t y p e  o f  v e g e t a t i o n  w i t h  d e n s e  g r a s s  ( T a k l e  a n d  
mu j u m d a r  , 19 5 7 ) .
C o n v e r s e l y } c o m p l e t e  f i r e  p r o t e c t i o n  e n c o u r a g e s  a r a n k  
g r o w t h  o f  b a m b o o s  a n d  o t h e r  e v e r g r e e n  a n d  s h a d e  b e a r i n g  f i r e  
t e n d e r  d e c i d u o u s  s p e c i e s .  T h e s e  r e p l a c e  t e a k  a n d  a c c e l e r a t e  
t h e  s u c c e s s i o n a l  t r e n d  t o  t h e  e v e r g r e e n  c l i m a x  ( H a i g ,  ejt_ a 1 . , 
1 9 5 8 ) .  G r e a t  s t r e s s  was  l a i d  on t h e  n e c e s s i t y  f o r  f i r e  
p r o t e c t i o n  d u r i n g  t h e  e a r l y  d a y s  o f  f o r e s t  c o n s e r v a t i o n  i n  
Bu r ma .  I n  P e g u  Yoma [ s e e  F i g u r e  1 f o r  l o c a t i o n )  a l o n e ,
8 , 1 0 4  s q u a r e  k i l o m e t r e s  was  f i r e  p r o t e c t e d  ( Aung  D i n ,  1 9 5 6 ) .  
H o w e v e r ,  o b s e r v a t i o n s  a n d  e x p e r i m e n t s  p r o v e d  t h e  p r a c t i c e  t o  
b e  d e l e t e r i o u s  t o  t e a k  as  i t  e n c o u r a g e d  t h e  d e v e l o p m e n t  o f  
f i r e  t e n d e r  e v e r g r e e n  s p e c i e s  a n d  was  t h u s  a b a n d o n e d  ( Aung  
D i n ,  1 9 5 6 ;  K e r m o d e ,  1 9 6 4 ) .
4 . 5  Man a n d  f o r e s t  m a n a g e m e n t
Te a k  f o r e s t s  i n  Bu r ma  a r e  m a n a g e d  u n d e r  t h e  Bur ma  
S e l e c t i o n  S y s t e m .  T h i s  i s  d i s c u s s e d  i n  d e t a i l  u n d e r  C h a p t e r  
I I I .  B r i e f l y ,  i t  i n v o l v e s  e x p l o i t a t i o n  o f  a l l  t e a k  t r e e s
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t h a t  h a v e  a t t a i n e d  t h e  p r e s c r i b e d  g i r t h  l i m i t ,  a n d  
i m p r o v e m e n t  f e l l i n g s .  I n  t h e s e  i m p r o v e m e n t  f e l l i n g s ,  any 
t r e e  r e g a r d l e s s  o f  s p e c i e s  c r o w d i n g  o r  o v e r  s h a d o w i n g  
f u t u r e  y i e l d  t e a k  t r e e s  i s  r e m o v e d .  O n l y  t e a k  i s  e x p l o i t e d  
f r o m t h e  mor e  i n a c c e s s i b l e  a r e a s  w h i c h  f o r m  t h e  g r e a t e s t  
p a r t  o f  t h e  f o r e s t ,  b u t  o t h e r  h a r d w o o d s  a r e  e x t r a c t e d  f r o m 
a r e a s  w i t h  r e a d y  a c c e s s .
E x p e r i e n c e  i n  Bu r ma  s u g g e s t s  t h e s e  o p e r a t i o n s  h a v e  
b e n e f i t e d  o n l y  e x i s t i n g  s a p l i n g s  f o r  f u r t h e r  g r o w t h  and  
d e v e l o p m e n t ,  a n d  t h e  s t i m u l a t i o n  o f  f r e s h  r e g e n e r a t i o n  i s  
d o u b t f u l  ( H a i g  et_ al_.  , 1958)  . The  l o n g  t e r m  f u t u r e  f o r  
t e a k  i n  n a t u r a l  f o r e s t s  ma n a g e d  i n  t h i s  way  m u s t  t h e r e f o r e  
be  doub t f u l .
S h i f t i n g  c u l t i v a t i o n  a l s o  d i s t u r b s  t h e  t r e n d  o f  
s u c c e s s i o n  i n  t h e s e  f o r e s t s .  T h i s  f o r m  o f  c u l t i v a t i o n  i s  
p r a c t i s e d  by  n o m a d i c  Bu r me s e  h i l l  t r i b e s  who c l e a r  a f o r e s t  
a r e a  a n d  p u t  i t  u n d e r  c u l t i v a t i o n  f o r  o n l y  one  y e a r .  The 
a r e a  i s  t h e n  a b a n d o n e d  t o  r e v e r t  t o  f o r e s t .  A c c o r d i n g  t o  
Ker mode  ( 1 9 6 4 ) ,  s u c h  p r a c t i c e s  i n  t h e  B u r me s e  t r o p i c a l  s e m i ­
e v e r g r e e n  f o r e s t s  o f t e n  c a u s e  t h e  f o r e s t  t o  r e v e r t  t o  p r e ­
c l i m a x  c o n d i t i o n ,  and  e a r l y  c o l o n i z e r s ,  s u c h  as  Kywe s a  
( Tr e ma  amb o i n e n s i s  Bl ume )  t e n d  t o  d e v e l o p .  T e a k  d o e s  n o t  
u s u a l l y  r e a p p e a r  u n d e r  t h e s e  c o n d i t i o n s .  H o w e v e r ,  i n  t h e  
d r i e r  d e c i d u o u s  f o r e s t s  w h e r e  a d v a n c e  g r o w t h  o f  t e a k  a n d  
o t h e r  d e c i d u o u s  s p e c i e s  i s  u s u a l l y  p r e s e n t  i n  a b u n d a n c e ,  t h e  
a r e a  n o r m a l l y  r e g e n e r a t e s  t o  i t s  o r i g i n a l  s t a t e  a f t e r  
s h i f t i n g  c u l t i v a t i o n .  The  a u t h o r  h a s  o b s e r v e d  a f a i r l y  h i g h  
p r o p o r t i o n  o f  t e a k  s a p l i n g s  i n  a r e a s  a b a n d o n e d  by  s h i f t i n g  
c u l t i v a t o r s  on t h e  P e g u  Yoma ( F i g u r e  1) i n  Bu r ma .  T h u s ,
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t h e  d i s t u r b a n c e s  b y  man i f  p r o p e r l y  s t u d i e d  a nd  a p p l i e d  
c a n  b e  c o n s t r u c t i v e  r a t h e r  t h a n  d e s t r u c t i v e  t o  t e a k  f o r e s t .
4 . 6  C o n c l u s i o n
I n  s u mma r y ,  t e a k  w h i c h  i s  w i d e l y  d i s t r i b u t e d  i n  S o u t h  
E a s t  A s i a  i s  a s p e c i e s  w h i c h  i s  t o l e r a n t  o f  a v e r y  w i d e  
r a n g e  o f  c l i m a t i c  a n d  e d a p h i c  c o n d i t i o n s .  H o w e v e r ,  t h e  
s p e c i e s  d o e s  n o t  o c c u r  i n  r e g i o n s  l a c k i n g  a d e f i n i t e  d r y  
s e a s o n  o r  w h e r e  t h e  r a i n f a l l  i s  o u t s i d e  t h e  r a n g e  760 mm - 
5 , 0 8 0  mm. The  s p e c i e s  a l t i t u d i n a l  l i m i t  ( 9 1 4  m e t r e s )  i s  
p r o b a b l y  a s s o c i a t e d  w i t h  s e n s i t i v i t y  t o  f r o s t .  T e a k  w i l l  
t o l e r a t e  a w i d e  r a n g e  o f  g e o l o g i c a l  f o r m a t i o n s , t e n d i n g  t o  
a v o i d  s a n d s t o n e s  a nd  c o n g l o m e r a t e s .  The  s p e c i e s  a l s o  a v o i d s  
s t i f f  c l a y e y  a n d  l a t e r i t i c  s o i l s ,  and  a r e a s  s u b j e c t e d  t o  
i n u n d a t i o n  o r  t o  s e v e r e  d r o u g h t .  Mo s t  o f  t h e  m o i s t  t e a k  
f o r e s t s  can  be  c o n s i d e r e d  as  i n  s e r a i  s t a g e  p r o g r e s s i n g  
t o w a r d s  an e v e r g r e e n  c l i m a x .  T h i s  p r o g r e s s i o n  may be  
i n t e r r u p t e d  i n  many wa y s  i n c l u d i n g  f i r e  o r  s h i f t i n g  c u l t i v a ­
t i o n s .  T h e s e  d i s t u r b a n c e s ,  i f  p r o p e r l y  m a n i p u l a t e d  c a n  be  
u s e d  t o  c h e c k  t h e  p r o g r e s s i o n  a n d  m a i n t a i n  t h e  t e a k  f o r e s t .  
U n f o r t u n a t e l y ,  t h e  m a n a g e m e n t  t e c h n i q u e  a p p l i e d  i n  many 
n a t u r a l  f o r e s t s  may b e  r e d u c i n g  t h e  t e a k  r e s o u r c e .
One a r e a  i n  w h i c h  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  i s  a 
k n o w l e d g e  o f  t h e  e f f e c t  o f  t e m p e r a t u r e  a n d  d a y l e n g t h  i n  t e a k  
p e r f o r m a n c e .  Suc h  k n o w l e d g e  w i l l  b r i n g  b e t t e r  u n d e r s t a n d i n g  
o f  t h e  f a c t o r s  a f f e c t i n g  g r o w t h  a nd  o c c u r r e n c e  o f  t h e  s p e c i e s  
w h i c h  i s  o f  v i t a l  i m p o r t a n c e  f o r  s a f e  a n d  c o r r e c t  a l l o c a t i o n  
o f  a r e a s  t o  t e a k  p l a n t a t i o n .
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4 . 6 . 1  S i t e  s e l e c t i o n  f o r  t e a k  p l a n t a t i o n s
A l t h o u g h  t e a k  a p p e a r s  t o l e r a n t  o f  a w i d e  r a n g e  o f  
c l i m a t i c  a n d  e d a p h i c  c o n d i t i o n s ,  i t  i s  c l e a r  t h a t  r e l a t i o n s h i p  
b e t w e e n  s p e c i f i c  c o n d i t i o n s  a n d  t e a k  g r o w t h  may b e  c o m p l e x .  
Ca r e  i s  t h e r e f o r e  n e e d e d  i n  t h e  s e l e c t i o n  o f  s i t e s  f o r  
p 1 a n t  a t i o n s  .
I n  a r e a s  w h e r e  t e a k  o c c u r s  n a t u r a l l y ,  s i t e  s e l e c t i o n  i s  
f a c i l i t a t e d  b y  c o r r e l a t i o n  w i t h  t h e  e x i s t i n g  f o r e s t s .  T h u s ,  
f o r  e x a m p l e  i n  B u r ma ,  s i t e  s e l e c t i o n  f o r  t e a k  p l a n t a t i o n  i s  
m o s t  e a s i l y  a c h i e v e d  b y  c h o o s i n g  a r e a s  w i t h  a g o o d  g r o w t h  o f  
B amb us  a p o l y m o r p h  a a n d  C e p h a l o s t a c h y u m  pe  r g r a c i l e , w h e r e  t h e  
t o p o g r a p h y  i s  n o t  s t e e p ,  a n d  w h e r e  a d e q u a t e  f u e l  f o r  a g r o u n d  
f i r e  i s  p r e s e n t .
I n  t h e  a b s e n c e  o f  v e g e t a t i o n a l  i n d i c a t o r s ,  s i t e  s e l e c t i o n  
i s  e f f e c t e d  a c c o r d i n g  t o  t h e  e c o l o g i c a l  r e q u i r e m e n t s  o f  t h e  
s p e c i e s  a s  f o l l o w s
( 1)  S i t e s  w h i c h  a r e  f l a t  o r  h a v i n g  o n l y  s l i g h t l y  
s l o p i n g  o r  an u n d u l a t i n g  t o p o g r a p h y  s h o u l d  b e  s e l e c t e d .  S t e e p  
g r a d i e n t s  s h o u l d  be  a v o i d e d .
( i i )  Dry h i l l  t o p s ,  r i d g e s  a n d  u p p e r  s l o p e s  s h o u l d  n o t  
b e  u s e d .  I f  a d r i e r  s i t e  s i t u a t e d  on h i l l  t o p s ,  r i d g e s  a n d  
u p p e r  s l o p e s  h a v e  t o  be  i n c l u d e d ,  c o o l e r  n o r t h e r n  a n d  e a s t e r n  
a s p e c t s  a r e  p r e f e r a b l e  a n d  m i g h t  c a r r y  t e a k .  O t h e r  a s p e c t s  
s h o u l d  be  p l a n t e d  w i t h  o t h e r  s p e c i e s .  A r e a s  w h e r e  r a i n f a l l  
i s  v e r y  h e a v y  s h o u l d  a l s o  b e  a v o i d e d .  A g a i n ,  i f  t e a k  i s  t o  
b e  p l a n t e d ,  t h e  d r i e r  s o u t h e r n  a n d  w e s t e r n  a s p e c t s  a r e  mo r e  
s u i  t  ab 1 e .
( i i i )  The  s o i l  s h o u l d  b e  w e l l  d r a i n e d ,  b u t  m o i s t u r e  
r e t e n t i v e ,  d e e p ,  p o r o u s ,  f r i a b l e  s a n d y  o r  s i l t y  c l a y  l oa ms  o f  
w e l l  d e v e l o p e d  s t r u c t u r e .  L a t e r i t i c  a n d  s t i f f  c l a y e y  s o i l
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s h o u l d  be  a v o i d e d .  S i t e s  a l o n g  t h e  h a n k s  o f  s t r e a m s  w i t h  
w e l l  d r a i n e d  a l l u v i a l  s o i l ,  b u t  h i g h  e n o u g h  t o  e s c a p e  
t h e  f l o o d i n g  o f  t h e  s t r e a m  a r e  a l s o  p r e f e r a b l e .
( i v )  I t  i s  a l s o  i m p o r t a n t  t o  f a c i l i t a t e  e f f e c t i v e  
w e e d  c o n t r o l ,  t o  h a v e  a d e q u a t e  s t o c k i n g  o f  s m a l l  t r e e s  
and  s h r u b s ,  p a r t i c u l a r l y  b a mb o o  f o r  b u r n i n g  ( s e e  C h a p t e r  
V I I ) . H o w e v e r ,  i f  e f f e c t i v e  w e e d i c i d e s  a r e  a v a i l a b l e  
t h i s  f a c t o r  may b e  i g n o r e d .
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CHAPTER V
FLOWERING,  SEEDI NG, AND GERMINATION
5 . 1  F 1 owe r i n  g
T e a k  f l o w e r i n g  i s  i m p o r t a n t  i n  q u a n t i t y  a nd  q u a l i t y  
c o n t r o l  o f  t i m b e r  p r o d u c t i o n  as  w e l l  as  s e e d  p r o d u c t i o n .
The  s p e c i e s  i s  m o n o e c i u s  a n d  f l o w e r s  f r e e l y  e v e r y  y e a r  
( K e r m o d e ,  1957 ; Gram a n d  L a r s e n ,  195 8 ; H a i g  et_ al_.  , 1958)  .
Mo s t  t r e e  s p e c i e s  h a v e  f l o w e r i n g  b u d s  e i t h e r  l a t e r a l  o r  
t e r m i n a l  on s i d e  b r a n c h e s  a n d  f l o w e r i n g  o c c u r s  on t h e  ma i n  
a x i s  o n l y  when t h e  t r e e  i s  f u l l y  g r own  o r  o v e r - m a t u r e  ( Gr am 
a n d  L a r s e n ,  195 8;  B o o n k i r d ,  1966)  . T e a k  h o w e v e r  d i f f e r s  f r o m  
m o s t  o t h e r  t r e e  s p e c i e s  i n  t h a t  i t  f l o w e r s  e a r l y  i n  t h e  l i f e  
o f  t h e  t r e e ,  w i t h  t h e  i n f l o r e s c e n c e  t e r m i n a l  on t h e  ma i n  a x i s  
( K e r m o d e ,  195 7 ; Gram a n d  L a r s e n ,  1958  ; H a i g  ej^ al_.  , 195 8 ;
B o o n k i r d ,  1966)  . T h i s  may a l s o  b e  a c c o m p a n i e d  b y  p a n i c l e s  
on s ome  o f  t h e  s i d e  b r a n c h e s  ( Gr a m a n d  L a r s e n ,  1958  ; B o o n k i r d ,  
1966)  and  i n f l o r e s c e n c e s  may be  f o r m e d  o n l y  on s i d e  b r a n c h e s  
i f  t h e  t o p  o f  t h e  ma i n  a x i s  i s  i n j u r e d  ( Gr am a n d  L a r s e n ,  1958)  . 
W h i t e  ( 1 9 6 2 )  f r o m  h i s  o b s e r v a t i o n  i n  P a p u a  New G u i n e a  t e a k  
p l a n t a t i o n s  q u a l i f i e d  t h e  s u p p o s i t i o n  t h a t  t h e  f l o w e r i n g  was 
t e r m i n a l .  He n o t e d  t h e  f l o w e r  as  a x i l l a r y  a n d  a p p a r e n t l y  
t e r m i n a l .  A l l  f l o w e r i n g  h e a d s  on t h e  ma i n  a x i s  s t i l l  s h o w e d  
t h e  p r e s e n c e  o f  an a p i c a l  b u d ,  a n d  o u t  o f  1064 t r e e s  t h a t  
f l o w e r e d ,  2 . 4  p e r  c e n t  d e m o n s t r a t e d  v i g o r o u s  t e r m i n a l  g r o w t h  
w h i c h  c o n t i n u e d  p a s t  t h e  f l o w e r i n g  z o n e .  Wh i t e  f e l t  t h e  a p i c a l  
b u d  i n  t h e  s u p p o s e d l y  t e r m i n a l  f l o w e r i n g  t y p e  b e c o m e s  r e d u c e d  
by  t h e  d r a i n  i m p o s e d  due  t o  f l o w e r  a n d  f r u i t  g r o w t h ,  and  d e a t h
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o f  t h e  b u d  f o l l o w s  c a u s e d  b y  d e s s i c a t i o n  a n d  s t a r v a t i o n .
An i n f l o r e s c e n c e  may c o n s i s t  o f  5 0 0 0 - 8 0 0 0  b u d s ,  t h o u g h  
n o t  a l l  o f  t h e s e  w i l l  d e v e l o p  ( C a m e r o n ,  1 9 6 8 ) .  F o r  
i n d i v i d u a l  i n f l o r e s c e n c e s ,  t h e  f l o w e r i n g  p e r i o d  l a s t s  f r o m  
t wo t o  f o u r  w e e k s  ( B r y n d u m a n d  H e d e g a r t ,  1969)  . B u t  t h e r e  
a r e  d i f f e r e n c e s  i n  t i m e  o f  f l o w e r i n g  o f  i n d i v i d u a l  t r e e s  
a n d  t h i s  g i v e s  a l o n g  f l o w e r i n g  p e r i o d  f o r  t h e  s p e c i e s  i n  a 
p a r t i c u l a r  l o c a l i t y .  I n  I n d i a  a n d  B u r m a ,  t e a k  f l o w e r s  f r o m  
J u n e  t h r o u g h  t o  S e p t e m b e r ,  a nd  f r o m  m i d - J u l y  u n t i l  N o v e m b e r  
i n  N o r t h e r n  T h a i l a n d  ( K e r m o d e ,  1957  ; H a i g  e t  aA_. , 195 8 ;
Br y n d u m a n d  H e d e g a r t ,  1 9 6 4 ) .  I n  I n d o n e s i a ,  h o w e v e r ,  t h e  t i m e  
o f  f l o w e r i n g  v a r i e s  w i t h  l o c a l i t y .  I n  t h e  w e s t e r n  p a r t  o f  
J a v a ,  t h e  s p e c i e s  f l o w e r s  f r o m  D e c e m b e r  t o  F e b r u a r y  a n d  i n
M
t h e  e a s t e r n  p a r t ,  one  mo n t h  l a t e r  C G a r t n e r ,  1 9 5 6 ) .
Ca me r o n  ( 1 9 6 6 )  b e l i e v e d  b o t h  s e l f -  a n d  e r o s s - p o 1 l i n a t i o n s  
o c c u r  i n  t e a k ,  w i t h  i n s e c t s  and  w i n d  t h e  m a j o r  p o l l i n a t i n g  
a g e n c i e s .  T h i s  was  q u a l i f i e d  b y  s t u d i e s  c a r r i e d  o u t  i n  
T h a i l a n d  b y  Br y n d u m a n d  H e d e g a r t  ( 1969)  . T h e s e  c o n s i s t e d  o f
[ i )  i s o l a t i n g  a n d  c o m p a r i n g  t wo  l o t s  o f  i n f l o r e s c e n c e s  
one  o f  w h i c h  C ^ - i s o l a t i o n  b a g s )  was  s u p p l i e d  w i t h  i n s e c t s ,  
and  t h e  o t h e r  ( 9 - i s o l a t i o n  b a g s )  was  n o t .  E a c h  b a g  c o n t a i n e d  
one i n f l o r e s c e n c e
( i i )  p l a c i n g  t wo i n f l o r e s c e n c e s  f r o m  n e i g h b o u r i n g  t r e e s  
t o g e t h e r  s o  t h a t  t h e  i s o l a t i o n  b a g s  c o n t a i n e d  f l o w e r s  f r o m  
b o t h  t r e e s .  S i x  b a g s  c o n t a i n i n g  t h e  c o m b i n e d  i n f l o r e s c e n c e s  
w e r e  s u p p l i e d  w i t h  i n s e c t s ,  a nd  t h e  o t h e r s  (5 b a g s )  w e r e  
n o t
( i i i )  s e l f i n g  a n d  c r o s s i n g  b y  h a n d  p o l l i n a t i o n ,  and
( i v )  o p e n  p o l l i n a t i o n .
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The s e e d  p r o d u c e d  by  s e l f - p o l l i n a t i o n  p r o v e d  v e r y  
i n f e r t i l e  g i v i n g  o n l y  13 p e r  c e n t  g e r m i n a t i o n  c o m p a r e d  w i t h  
90 p e r  c e n t  f o r  t h e  c r o s s - p o 1 l i n a t e d  m a t e r i a l s .  The 
r e s u l t s  as s hown i n  T a b l e  14 i n d i c a t e  t e a k  as  m a i n l y  a 
c r o s s - p o 1 1 i n  a t e d  s p e c i e s  w i t h  i n s e c t s  a c t i n g  a s  t h e  ma i n  
p o l l i n a t i o n  a g e n c y .  I t  i s  a l s o  c l e a r  c o n t r o l l e d  p o l l i n a t i o n s  
as p r a c t i s e d  b y  Br y n d u m a n d  H e d e g a r t  w e r e  n o t  v e r y  s u c c e s s f u l .
T a b l e  14 .  D e v e l o p m e n t  o f  f r u i t  f r o m  s e l f -  and  c r o s s ­
p o l l i n a t i o n  as  g i v e n  b y  Br y n d u m and  
H e d e g a r t  ( 1 9 6 9 )
Type  o f  p o l l i n a t i o n F r u i t  p e r  
i n f l o r e s  c e n c e
( i )  Bags  w i t h  one ) ( a ) w i t h  i n s e c t 5 .5
i n f l o r e s c e n c e  ) ( b ) w i t h o u t  i n s e c t 1 . 3
( i i )  Bags  w i t h  t wo) ( a ) w i t h  i n s e c t 2 6 . 6
i n f l o r e s c e n c e s ) ~ ( b) w i t h o u t  i n s e c t 2 . 4
( i i i )  Ha nd  p o l l i n a t i o n ( a ) s e I f i n g 1 . 3
( b ) c r o s s i n g 5 . 2
( i v )  Open p o l l i n a t i o n 4 1 . 4
The t e r m i n a l  i n f l o r e s c e n c e  on t h e  m a i n  a x i s  i n  t e a k  
u s u a l l y  r e s u l t s  i n  d i e  b a c k  o f  t h e  l e a d e r  a n d  d e v e l o p m e n t  
o f  e i t h e r  s e v e r e  f o r k i n g  w i t h  t wo  o r  mor e  c o m p e t i n g  l e a d e r s  
o r  a t  b e s t  a b a d  d o g - l e g  ( Gr am a n d  L a r s e n ,  1 9 5 8 ;  C h a l m e r s ,  
1962 ; W h i t e ,  1962 ; B o o n k i r d ,  196 6 ; L a r s e n ,  1 9 6 6 ) .  S u b s e q u e n t  
f l o w e r i n g  i s  a l s o  f r e q u e n t l y  t e r m i n a l  on t h e  m a i n  a x e s  w h i c h  
r e s u l t e d  f r o m  t h e  i n i t i a l  f o r k i n g .  T h i s  l e a d s  t o  a m u l t i t u d e  
o f  f o r k e d  s t e m s  a n d  a b r o a d  c r own  i s  s o o n  f o r m e d  ( Gr am a n d  
L a r s e n ,  1 9 5 8 ) .  N o r m a l l y  o n l y  t h e  p o r t i o n  o f  t h e  s t e m  b e l o w
t h e  f o r k  y i e l d s  m a r k e t a b l e  l o g .  H o w e v e r ,  t h e r e  a r e  c a s e s  
w h e r e  m a r k e t a b l e  l o g s  a r e  o b t a i n e d  f r o m  l a r g e  f o r k e d  s t e m s ,  
e s p e c i a l l y  when t h e  f o r k  i s  l o w.  C l e a r l y  h o w e v e r  t r e e s  
w h i c h  i n i t i a l l y  f l o w e r  r e l a t i v e l y  l a t e  i n  l i f e  a r e  d e s i r a b l e  
as  t h e s e  w i l l  h a v e  l a r g e r  b o l e s  t h a n  t r e e s  w i t h  e a r l i e r  
i n i t i a l  f l o w e r i n g .
The p r e s e n c e  o f  v a r i a t i o n  i n  t h e  age  o f  f i r s t  f l o w e r i n g  
i n  t e a k  h a s  b e e n  r e c o g n i s e d  b y  s e v e r a l  a u t h o r s  ( Gr am a nd  
L a r s e n ,  1 9 5 8 ;  W h i t e ,  1 9 6 2 ;  B o o n k i r d ,  1 9 6 6 ;  C a m e r o n ,  1 9 6 6 ;  
L a r s e n ,  1 9 6 6 ) .  G e n e r a l l y ,  t e a k  f l o w e r s  i n  t h e  f i f t h  o r  t h e  
s i x t h  y e a r  ( B o o n k i r d ,  1 9 6 6 ) ,  b u t  i t  i s  n o t  uncommon t o  f i n d  
t e a k  f l o w e r i n g  a t  t wo  t o  t h r e e  y e a r s  o f  age  ( C h a l m e r s ,  1 9 6 2 ;  
W h i t e ,  1 9 6 2 ;  B o o n k i r d ,  1 9 6 6 ) .  T h e r e  h a v e  b e e n  d i f f e r e n c e s  
o f  o p i n i o n  as  t o  t h e  c a u s e  o f  i n i t i a l  f l o w e r i n g  i n  t h e  
s p e c i e s .  B o o n k i r d  ( 1 9 6 6 )  f e l t  t h i s  f e a t u r e  was  m a i n l y  
d e t e r m i n e d  g e n e t i c a l l y .  Gram a n d  L a r s e n  ( 1 9 5 8 )  c o n s i d e r e d  
t h a t  as  w e l l  as  a g e n e t i c  c o n t r o l ,  d e l a y e d  f l o w e r i n g  c o u l d  
a l s o  b e  d u e  t o  l i g h t  d e f i c i e n c y ,  w h e r e a s  Ke r mode  ( 195 7) 
b e l i e v e d  e a r l y  f l o w e r i n g  t o  b e  due  t o  u n f a v o u r a b l e  s i t e  
c o n d i t i o n s .  T h i s  n e e d s  f u r t h e r  r e s e a r c h ,  f o r ,  a l t h o u g h  t h e  
o b s e r v a t i o n s  o f  B o o n k i r d  ( 1966)  , a n d  Gram a n d  L a r s e n  ( 1958)  
i n  T h a i l a n d  h a v e  i n d i c a t e d  a g e n e t i c  c o n t r o l ,  c o n d i t i o n s  w h i c h  
m i g h t  s t i m u l a t e  i n i t i a l  f l o w e r i n g  a n d  t h u s  i n h i b i t  b o l e  
d e v e l o p m e n t  n e e d  t o  b e  f u l l y  u n d e r s t o o d .
The  f r e q u e n c y  o f  f l o w e r i n g  i n  t e a k  may a l s o  a f f e c t  
t i m b e r  p r o d u c t i o n .  B o o n k i r d  ( 1 9 6 6 )  f r o m  a s e p a r a t e  s t u d y  on 
n i n e  a n d  t e n  y e a r  o l d  p l a n t a t i o n s  i n  T h a i l a n d  d e m o n s t r a t e d  
a d e c r e a s e  i n  h e i g h t  g r o w t h  as  t h e  f r e q u e n c y  o f  f l o w e r i n g
i n c r e a s e d  ( T a b l e  1 5 ) .  D i a m e t e r  g r o w t h  d i d  n o t  h o w e v e r  
s e e m t o  be  a f f e c t e d .
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T a b l e  15.  E f f e c t  o f  f r e q u e n c y  o f  f l o w e r i n g  on g i r t h  
a nd  h e i g h t  g r o w t h  o v e r  a f o u r  y e a r  p e r i o d  
as  g i v e n  by  B o o n k i r d  ( 1 9 6 6 )
No . o f  
t r e e s
No.  o f  y e a r s  
w h i c h  f l o w e r i n g  
o c c u r r e d
A v e r a g e  g i r t h  
g r o w t h  
( c m/ y e  a r )
A v e r a g e  h e i g h t  
g r  owt h  
( c m/ y e  a r )
5 3 . 2 5 0 . 8 7
4 2 3 . 9 4 0 . 84
7 3 3.  82 0 . 6 2
4 4 3 . 5 0 0 . 6 0
T h u s ,  b e s i d e s  t h e  u s u a l  b i o l o g i c a l  r o l e ,  f l o w e r i n g  
h a s  a d i r e c t  e f f e c t  on b o t h  t h e  q u a l i t y  and  q u a n t i t y  o f  t e a k  
t i m b e r  p r o d u c t i o n .  T h i s  w i l l  p r e s e n t  p r o b l e m s  f o r  t h e  t r e e  
b r e e d e r ,  f o r  i t  i s  c l e a r l y  d e s i r a b l e  t o  s e l e c t  b o t h  f o r  
l a t e  i n i t i a l  f l o w e r i n g  i n d i v i d u a l s  a n d  a l s o  f o r  t r e e s  w h i c h  
do n o t  f l o w e r  f r e q u e n t l y .
5 . 2  S e e d  and  s e e d  p r o d u c t i o n
The  t e a k  " s e e d "  n o r m a l l y  r e f e r r e d  t o  i n  t h e  l i t e r a t u r e  
i s  i n  f a c t  a f r u i t  a n d  n o t  a s e e d .  The e r r o n e o u s  u s a g e  i s  
h o w e v e r  w i d e s p r e a d .  C o n s e q u e n t l y  t h r o u g h o u t  t h i s  t h e s i s ,  
t h e  w o r d  " s e e d "  w i l l  b e  u s e d  u n l e s s  i t  i s  n e c e s s a r y  t o  
e m p h a s i z e  o t h e r w i s e .
T e a k  f r u i t  h a s  a t h i c k  a n d  l e a t h e r y  e x o c a r p ,  e n c l o s i n g  
a h a r d  s t o n e - l i k e  e n d o c a r p  w h i c h  u s u a l l y  c o n t a i n s  f o u r  s e e d  
c h a m b e r s  ( B r y n d u m ,  1 9 6 6 ) .  J o s h i  a nd  K e l k a r  ( 1 9 7 1 ) ,  i n  a
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study on teak seed from a dry locality in India found that 
out of these four loculi, on average, only one contained 
fully developed seed at maturity, two loculi usually 
remained under-developed and the fourth contained either 
rudimentary or seed of medium development. In Thailand, 
Bryndum (1966), found that in a 10.5 - 11.5 mm diameter class 
(presumably the normal fruit size in Thailand) fruits, 34 
per cent were empty, 44 per cent held one seed, 16 per cent 
held two seeds, 4 per cent held three seeds, and 2 per cent 
four seeds. The development of seeds in the fruit in teak 
is therefore very poor.
Takle and Mujumdar ( 1957) , and Haig et aJU , (1958) 
considered teak generally starts producing large quantities 
of fertile seed at the age of 15-20 years. Experiments in 
Indonesia also indicated that large quantities of viable 
seeds can be obtained in stands aged 20 years on good 
quality sites and 30 years on poorer sites, with germination 
capacity of the seeds deteriorating as the age of the parent 
trees approach 100 years.
Seed production is relatively poor as compared to 
the profuse flowering of the species (Kermode, 1964). 
Normally, one flowering head which contains 5000-8000 
flowering buds, yields only 40-60 seeds (Gartner, 1956;
White and Cameron, 1965). However, a study in Keravat, Papua 
New Guinea indicated that trees aged 8-14 years with 
reasonably free crowns would yield approximately six pounds 
(4,200 seeds) per tree (White and Cameron, 1965). A later 
report of five older trees in Keravat over a period of three 
years recorded from age 14 to 16 years gave an average of
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1 4 . 8  p o u n d s  ( 1 0 , 4 0 0  s e e d s )  p e r  t r e e  ( C a m e r o n ,  196 8 ) .  I t  
a p p e a r s  t h a t  t h e  s e e d  y i e l d  i n c r e a s e s  w i t h  age  w i t h i n  t h e  
age  l i m i t s  s p e c i f i e d  t o  d a t e .  The v i a b i l i t y  o f  s e e d  
c o l l e c t e d  was  h o w e v e r  n o t  m e n t i o n e d .  A c c o r d i n g  t o  G a r t n e r  
( 1 9 5 6 ) ,  t e a k  t r e e s  s t u d i e d  i n  P a p u a  New G u i n e a  w o u l d  a p p e a r  
t o  b e  s t i l l  t o o  y o u n g  t o  p r o d u c e  v i a b l e  s e e d  i n  q u a n t i t y .  
H o w e v e r ,  t e a k  i n  P a p u a  New G u i n e a  g e n e r a l l y  g r o ws  f a s t e r  a n d  
s t a r t s  f l o w e r i n g  a t  a y o u n g e r  a g e  ( s e c o n d  t o  f o u r t h  y e a r )  
t h a n  i n  n o r t h e r n  T h a i l a n d  o r  C e n t r a l  I n d i a  w h e r e  t h e  c l i m a t i c  
c o n d i t i o n s  a r e  s e v e r e  ( C a m e r o n ,  1 9 6 8 ) .  T h u s ,  t h e r e  m u s t  
b e  t h e  p o s s i b i l i t y  t h a t  t h e  s p e c i e s  c o u l d  p r o d u c e  v i a b l e  
s e e d  i n  q u a n t i t y  a t  an e a r l y  a g e .
I n  I n d i a  a n d  B u r ma ,  t e a k  s e e d s  s t a r t  t o  r i p e n  i n  
N o v e m b e r  -  J a n u a r y ,  a b o u t  f i v e  m o n t h s  a f t e r  f l o w e r i n g  a n d  
a r e  s h e d  t i l l  t h e  e n d  o f  t h e  h o t  s e a s o n  i n  A p r i l  ( H a i g  
e t  a l . , 195 8;  K e r m o d e ,  1 9 6 4 ) .  I n  I n d o n e s i a ,  t h e  s e e d  r i p e n s  
a nd  f a l l s  f r o m  A p r i l  - N o v e m b e r  ( G a r t n e r ,  1956)  w h i c h  i s  
a l s o  a b o u t  f i v e  m o n t h s  a f t e r  f l o w e r i n g .  S e e d  c o l l e c t i o n  i s  
n o r m a l l y  c a r r i e d  o u t  i n  Ma r c h  i n  B u r ma ,  a n d  e a r l y  f a l l e n  
s e e d s  a r e  n e v e r  c o l l e c t e d  as  t h e y  a r e  u s u a l l y  e i t h e r  n o t  
w e l l  d e v e l o p e d  o r  d a m a g e d  ( G a r t n e r ,  1 9 5 6 ;  K e r m o d e ,  1 9 6 4 ) .
Work done  i n  I n d o n e s i a ,  as  s u m m a r i z e d  by  G ä r t n e r  a l s o  
i n d i c a t e d  t h a t  s e e d  c o l l e c t e d  i n  s e a s o n  c o n t a i n s  l e s s  
i m m a t u r e  and  d a m a g e d  s e e d s  and  h a s  a b e t t e r  g e r m i n a t i o n  t h a n  
s e e d  c o l l e c t e d  e a r l i e r .  T h i s  i s  i l l u s t r a t e d  i n  T a b l e  16 
w h e r e  t h e  p e r c e n t a g e  o f  d a m a g e d  a nd  i m m a t u r e  s e e d s  d e c r e a s e d  
a n d  t h e  g e r m i n a t i o n  p e r  c e n t  i n c r e a s e d  w i t h  t i m e  o f  c o l l e c t i o n  
v a r y i n g  f r o m  J u n e  t o  S e p t e m b e r .  S e e d s  c o l l e c t e d  l a t e  i n
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October appear to decline in quality again. Clearly the 
best time for seed collection in Indonesia would be during 
August, September, and October.
Table 16. Details of the variation in the proportion of 
damaged and immature and viable seed with 
time of collection as given by Gartner (1956)
Time of collection J une July Augus t September Octob er
% damaged or 
immature seed 58.0 26.0 7.0 4.0 17.0
Germination % 
seed collected 27.2 34.5 43.3 52 .2 50.8
5.3 Germination and dormancy of t e ak seed
Germination in t e ak seed is us ually very poor (Maun g
Gale (2), 195 8 ; Kermode , 1964 ; Bryndum, 1966). Experiments
in Burma indicated that germination is much poorer in the
natural forests than in open nurseries (Kermode, 1964), and
this is illustrated in Table 17 .
Table 17. Comparison of germination of teak seed in
natural forests and open nurseries in
Burma as given by Kermode (1964)
Year Centre No . of Highes t Highes t
proven- germination % germination %
an ce s in natural in open
forests nurseries
1938 Zi gon 5 6.0 16.0
Th arawaddy 5 1 . 8 38.0
1939 Z i gon 11 1. 2 59 .2
Th araw addy 11 0.3 40.4
1940 Z i gon 11 _ 5 1.0
Th arawaddy 11 18.0 42 .5
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The cause of poor germination is generally due to 
either a seed coat condition which prevents the entrance of 
water and oxygen, or conditions within the embryo which 
prevent germination and make after ripening necessary, or 
structural immaturity of the embryo (Nikolaeva, 1969;
Joshi and Kelkar, 1971). In teak poor germination appears 
to be due to a combination of all these conditions (Gartner, 
1956; Bryndum, 1966; Joshi and Kelkar, 1971). Joshi and 
Kelkar carried out a viability test with tetrazolium chloride 
on a batch of well developed teak seed from a drier part of 
India. Tetrazolium chloride is colourless in the oxidised 
form, but when reduced, as by viable embryos, it gives an 
intense red or orange stain (Flemion and Poole, 1948) . The 
test revealed that 20 per cent of the teak seeds tested gave 
positive results, 40 per cent produced a feeble reaction (the 
authors considered these would respond to after ripening) 
and the remaining 40 per cent did not respond at all, and 
were considered to be structurally immature which would not 
respond to any treatment. Thus, the condition within the 
embryo alone accounted for approximately 80 per cent of the 
poor germination in teak seed.
Storage of teak seed for one year is generally 
considered to improve germination (Anon, 1956b). This could 
be due to the process of after ripening, which takes place 
either on the tree itself or during storage (Gartner, 1956) . 
Gartner believed that the process of after ripening reaches 
a certain stage while the seeds are still on the tree and 
seeds harvested during the early part of the season do not
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r e a c h  t h i s  s t a g e  a n d  t h u s  g i v e  p o o r  g e r m i n a t i o n  ( T a b l e  16)  .
The  t i m e  o f  s e e d  c o l l e c t i o n  a n d  t h e  p e r i o d  o f  s e e d  s t o r a g e  
i s  t h e r e f o r e  v e r y  i m p o r t a n t  i n  t h e  g e r m i n a t i o n  o f  t e a k  
s e e d .
The  e x t r e m e l y  l ow g e r m i n a t i o n  i n  n a t u r a l  f o r e s t  
( T a b l e  17)  c o u l d  be  due  t o  t h e  s e e d  b e d  b e i n g  s h a d e d  by  
t h e  n a t u r a l  s t a n d ,  f o r  g e r m i n a t i o n  o f  t e a k  s e e d  h a s  b e e n  
f o u n d  t o  be  p o o r e r  u n d e r  s h a d e  t h a n  i n  t h e  o p e n  ( B r y n d u m ,
1 9 6 6 ;  Maung G a l e  ( 2 )  a n d  N y u n t  N a i n g ,  1 9 6 7 ) .  A l i g h t  
r e q u i r e m e n t  f o r  g e r m i n a t i o n  o f  t e a k  s e e d  was  a l s o  i n d i c a t e d  
i n  one  o f  t h e  a u t h o r ’ s e x p l o r a t o r y  e x p e r i m e n t s ,  when  an 
a t t e m p t  was  made t o  g e r m i n a t e  40 p r e t r e a t e d  t e a k  s e e d  i n  a 
d a r k  r oom a t  3 0 ° C.  No g e r m i n a t i o n  was  o b t a i n e d  t i l l  t h e  3 0 t h  
d a y  o r  s o w i n g ,  w h i l e  t h o s e  sown i n  a l i g h t e d  i n c u b a t o r  
m a i n t a i n e d  a t  36°C s t a r t e d  g e r m i n a t i n g  on t h e  9 t h  d a y .
G e r m i n a t i o n  o f  t e a k  s e e d  was  a l s o  f o u n d  t o  v a r y  w i t h  
o r i g i n  ( A n o n ,  1 9 5 6 b ;  W i j e s i n g h e ,  1 9 6 3 ;  Maung  G a l e  ( 2 )  a n d  
N y u n t  N a i n g ,  1 9 6 7 ) .  S e e d  f r o m  m o i s t e r  p a r t s  o f  I n d i a  w e r e  
f o u n d  t o  g e r m i n a t e  mor e  r e a d i l y  t h a n  t h o s e  f r o m d r i e r  
r e g i o n s  ( A n o n ,  1 9 5 6 b ;  W i j e s i n g h e ,  1 9 6 3 ) .  S i m i l a r l y ,  t e a k  
f r o m  Lowe r  and  C e n t r a l  Bu r ma  g a v e  3 5 - 5 9  p e r  c e n t  g e r m i n a t i o n  
w h e r e a s  t h o s e  f r o m  U p p e r  Bur ma  g a v e  o n l y  7 - 2 0  p e r  c e n t  
g e r m i n a t i o n  ( Ke r mo d e  , 1957  ; Maung G a l e  C2) a n d  N y u n t  N a i n g ,  
1 9 6 7 ) .  The a u t h o r  h a s  n o t i c e d  t h a t  t e a k  s e e d s  f r o m  t h e  
m o i s t e r  r e g i o n  a r e  g e n e r a l l y  b i g g e r  i n  s i z e  t h a n  t h o s e  f r o m  
t h e  d r i e r  r e g i o n ,  a n d  p r e s u m a b l y  a l s o  h a v e  g r e a t e r  v i g o u r  i n  
g e r m i n a t i o n .  T h i s  t e n d s  t o  e x p l a i n  t h e  o b s e r v a t i o n  made  i n  
I n d i a  w h i c h  i n d i c a t e d  t h e  s u p e r i o r i t y  i n  g e r m i n a t i o n  o f  
s e e d s  c o l l e c t e d  f r o m  m o i s t e r  a r e a s .  H o w e v e r ,  t h e  s u p e r i o r i t y
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i n  g e r m i n a t i o n  o f  s e e d s  f r o m  C e n t r a l  Bu r ma ,  w h i c h  i s  
r e l a t i v e l y  d r i e r  t h a n  U p p e r  Bur ma  i s  c o n t r a d i c t o r y  t o  t h e  
a b o v e .  I t  t h e r e f o r e  s u g g e s t s  t h e  i n v o l v e m e n t  o f  o t h e r  
f a c t o r s  a p a r t  f r o m  m o i s t u r e  s t a t u s  o f  t h e  o r i g i n  o f  t h e  
s e e d s  c o l l e c t e d .
The e x t r e m e l y  low g e r m i n a t i o n  o f  s e e d  i n  n a t u r a l  
f o r e s t s  s u g g e s t s  m e t h o d s  o f  m a n a g e m e n t  i n  s u c h  f o r e s t s  
m i g h t  h a v e  c o n s i d e r a b l e  d i f f i c u l t y  i n  p r o d u c i n g  a d e q u a t e  
r e g e n e r a t i o n .  T h e r e b y  g i v i n g  an a d d i t i o n a l  s t i m u l u s  t o  
p l a n t a t i o n  f o r e s t r y .
5 . 4  S e e d  p r e t r e a t m e n t
Fr om t h e  a b o v e  d i s c u s s i o n ,  i t  i s  c l e a r  t h a t  t e a k  s e e d  
p r e s e n t s  a p r o b l e m  i n  g e r m i n a t i o n .  N o r m a l l y  t h e  g e r m i n a t i o n  
i s  v e r y  s p o r a d i c ,  a nd  e v e n  u n d e r  f a v o u r a b l e  c o n d i t i o n s ,  i t  
may t a k e  t h r e e  m o n t h s  o r  mo r e  f o r  a l l  s e e d s  c a p a b l e  o f  
g e r m i n a t i n g  t o  do s o  ( B r y n d u m ,  1966)  . T h i s  r e s u l t s  i n  
u n e v e n  s i z e d  s e e d l i n g s  w h i c h  a r e  u n d e s i r a b l e  b o t h  f o r  
p l a n t i n g  and  f o r  r e s e a r c h  p u r p o s e s .  D i s t r i b u t i o n  o f  s e e d l i n g s  
w i t h i n  t h e  b e d s  i s  a l s o  u s u a l l y  e r r a t i c ,  c a u s i n g  m a n a g e m e n t  
d i f f i c u l t i e s  a n d  w a s t a g e  o f  s p a c e .  T h u s ,  i t  b e c o m e s  
n e c e s s a r y  t o  f i n d  a s e e d  p r e t r e a t m e n t  m e t h o d  t o  g i v e  b e t t e r  
and  mo r e  e v e n  g e r m i n a t i o n .
S o a k i n g  i n  w a t e r  ( i . e .  i n  a r u n n i n g  s t r e a m  w a t e r )  f o r  
a f ew d a y s  o r  a l t e r n a t e  s o a k i n g  a n d  d r y i n g  i s  t h e  m o s t  
w i d e l y  u s e d  m e t h o d  o f  p r e t r e a t m e n t  i n  t h e  t r o p i c s  ( L e t o u r n e u x ,  
195 7) . The p r o c e s s  o f  a l t e r n a t e  s o a k i n g  a n d  d r y i n g  p r o b a b l y  
c a u s e s  e x p a n s i o n  a n d  c o n t r a c t i o n  o f  t h e  h a r d  s e e d  c o a t  t o  
w e a k e n  i t ,  t h u s  f a c i l i t a t i n g  g e r m i n a t i o n .  T e a k  s e e d  w i l l
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o p e n  e v e n  wh e n  n o  e m b r y o  i s  p r e s e n t  i n  t h e  s e e d  c h a m b e r  
( B r y n d u m ,  1 9 6 6 ) .  T h e r e f o r e  Br y n d u m a s s u m e d  o p e n i n g  o f  t h e  
f r u i t  was  a c h i e v e d  m e c h a n i c a l l y  b y  e x p a n s i o n  a n d  c o n t r a c t i o n  
o f  t h e  e n d o c a r p  a t  v a r y i n g  v a p o u r  p r e s s u r e s .  H o w e v e r ,  i f  
t h i s  was  s o ,  t h e  a l t e r n a t e  s o a k i n g  a n d  d r y i n g  m e t h o d  o f  s e e d  
p r e t r e a t m e n t  w o u l d  be  s u p e r i o r  t o  p l a i n  s o a k i n g ,  e v e n  t h o u g h  
s o a k i n g  a l o n e  may a l s o  w e a k e n  t h e  s e e d  c o a t .  H o w e v e r ,  
W i j e s i n g h e  ( 1 9 6 3 )  i n  c o m p a r i n g  t h e s e  t wo  m e t h o d s  o f  t e a k  
s e e d  p r e t r e a t m e n t  i n  C e y l o n  d e m o n s t r a t e d  t h a t  c o n t i n u o u s  
s o a k i n g  i n  w a t e r  f o r  t h r e e  d a y s  g a v e  s i g n i f i c a n t l y  b e t t e r  
g e r m i n a t i o n  (19 p e r  c e n t )  t h a n  a l t e r n a t e  s o a k i n g  a nd  d r y i n g  
f o r  14 d a y s  ( 1 3  p e r  c e n t )  . I n  a s e p a r a t e  e x p e r i m e n t ,  
W i j e s i n g h e  f o u n d  t h e  o p t i mu m p e r i o d  f o r  c o n t i n u o u s  s o a k i n g  
t o  b e  t wo d a y s .
C e r t a i n l y ,  w e a k e n i n g  o f  t h e  s e e d  c o a t  i s  o f  p r i m e  
i m p o r t a n c e  t o  g e r m i n a t i o n .  D i f f e r e n t  m e t h o d s  o f  p r e t r e a t m e n t  
o f  t e a k  s e e d s  h a v e  a l s o  b e e n  t r i e d  i n  I n d i a  a n d  B u r ma ,  a n d  
t h e y  a r e  as  l i s t e d  b e l o w  ( A n o n ,  1 9 5 6 ) .  A l l  a r e  d e s i g n e d  t o  
w e a k e n  t h e  s e e d  c o a t .
( 1)  S c o r c h i n g  t h e  s e e d  by  s p r e a d i n g  i n  a l i g h t  f i r e  
o f  l e a v e s  o r  g r a s s .
( 2 )  I m m e r s i o n  o f  s e e d  i n  h o t  w a t e r  f o r  a f ew h o u r s .
( 3 )  B o i l i n g  w a t e r  t r e a t m e n t ,  i . e .  p u t t i n g  t h e  s e e d  i n  
b o i l i n g  w a t e r  a n d  a l l o w i n g  t h e  w h o l e  t o  c o o l .
( 4 )  I m m e r s i o n  i n  c o l d  r u n n i n g  s t r e a m  w a t e r  f o r  a 
n u m b e r  o f  d a y s .
( 5 )  A l t e r n a t e  s o a k i n g  i n  r u n n i n g  s t r e a m  w a t e r  a nd  
s p r e a d i n g  and  d r y i n g .
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( 6 )  B u r y i n g  t h e  s e e d  n e a r  an a n t  h i l l ,  s o  t h a t  t h e  
w h i t e  a n t s  d e s t r o y  p a r t  o f  t h e  s e e d  c o a t .
( 7 )  P l a c i n g  t h e  s e e d  i n  a p a s t e  o f  cow d u n g  a nd  w a t e r .
( 8 )  E x p o s i n g  t h e  s e e d  t o  s u n  a n d  r a i n  by  l e a v i n g  i t  
i n  t h e  o p e n  f o r  a f ew w e e k s .
( 9 )  A c i d  t r e a t m e n t .
E x p e r i m e n t s  by  Br y n d u m ( 1 9 6 6 )  i n  T h a i l a n d  s h o w e d  t h e  
r e m o v a l  o f  t h e  l e a t h e r y  e x o c a r p  by e x p o s u r e  t o  a t t a c k  by 
a n t s  i m p r o v e d  g e r m i n a t i o n  c o n s i d e r a b l y .  G e r m i n a t i o n  o f  
t h e  t r e a t e d  s e e d  was  f u r t h e r  i m p r o v e d  b y  e i t h e r  s o a k i n g  i n  
w a t e r  f o r  48 h o u r s  o r  s u b j e c t i n g  t h e m t o  t h e  s o a k i n g  and 
d r y i n g  p r o c e s s .  O v e r  90 p e r  c e n t  g e r m i n a t i o n  was  o b t a i n e d  
b y  s u b j e c t i n g  t h e  s e e d  t o  a n t  t r e a t m e n t  f o r  33 d a y s  and
t h e n  a r a p i d  s o a k i n g  i n  w a t e r  a n d  s u n  d r y i n g  ( f o u r  t i m e s  
s o a k i n g ,  t h r e e  t i m e s  d r y i n g  i n  3 0 - 4 5  m i n u t e  p e r i o d s ) .
The  r e m o v a l  o f  t h e  l e a t h e r y  e x o c a r p  p r o b a b l y  i m p r o v e s  
p e r m e a b i l i t y  a n d  g a s e o u s  e x c h a n g e ,  t h u s  i m p r o v i n g  
g e r m i n a t i o n .  A m a c h i n e  f o r  r e m o v a l  o f  t h e  l e a t h e r y  e x o c a r p  
o f  t e a k  s e e d  h a s  b e e n  c o n s t r u c t e d  by  t h e  T h a i  D a n i s h  Te a k  
I m p r o v e m e n t  C e n t r e  i n  Ba n k o k  ( H e d e g a r t ,  1971)  . A l t h o u g h  
i t  i s  s t i l l  i n  t h e  e x p e r i m e n t a l  s t a g e ,  t h e  r e s u l t s  o b t a i n e d  
i n  T h a i l a n d  a n d  Laos  w e r e  e n c o u r a g i n g  ( H e d e g a r t ,  1 9 7 1 ;  Wood,  
p e r s o n a l  c o m m u n i c a t i o n ) ,  b u t  t h e  s p o r a d i c  d i s t r i b u t i o n  o f  
s e e d l i n g s  i n  t h e  n u r s e r y  s t i l l  r e m a i n e d  a m a j o r  p r o b l e m .
The g e r m i n a t i o n  o f  t e a k  can. t h e r e f o r e  be  v e r y  p o o r .
Even w i t h  t h e  u s e  o f  v a r i o u s  p r e t r e a t m e n t  p r o c e d u r e s ,  
g e r m i n a t i o n  c a n  b e  v e r y  v a r i a b l e .  The  a u t h o r  e x p e r i e n c e d  
d i f f i c u l t i e s  i n  a t t e m p t i n g  t o  g e r m i n a t e  t e a k  s e e d .  The
g e n e r a l l y  u n s a t i s f a c t o r y  n a t u r e  o f  t e a k  g e r m i n a t i o n  s u g g e s t e d  
an i n v e s t i g a t i o n  o f  v a r i o u s  p r e t r e a t m e n t  p r o c e d u r e s  s h o u l d  
be  made t o  d e t e r m i n e  a s a t i s f a c t o r y  l a b o r a t o r y  t e c h n i q u e  
and  p o s s i b l y  p r o v i d e  a g u i d e  f o r  f i e l d  p r a c t i c e s .  I n i t i a l l y  
an e x p l o r a t o r y  e x p e r i m e n t  on a w i d e  r a n g e  o f  s e e d  t r e a t m e n t s  
was  c a r r i e d  o u t .  T h i s  e x p e r i m e n t  ( d e t a i l e d  b e l o w )  c o v e r e d  
s o a k i n g  o r  s o a k i n g  and  d r y i n g  t r e a t m e n t s ,  c h e m i c a l ,  and  
m e c h a n i c a l  t r e a t m e n t s .
Two m e t h o d s  ( i )  s e e d  c o a t  r e m o v a l  and  ( i i )  a l t e r n a t e  
s o a k i n g  a n d  d r y i n g  g a v e  t h e  b e s t  p e r f o r m a n c e s .  A l t e r n a t e  
s o a k i n g  i n  t a p  w a t e r  a n d  d r y i n g  was  c h o s e n  as m o s t  s u i t a b l e  
as  m e c h a n i c a l  r e m o v a l  o f  t h e  s e e d  c o a t  c a u s e d  c o n s i d e r a b l e  
damage  t o  t h e  e m b r y o s  a n d  wa s  t e d i o u s .  Mo s t  i m p o r t a n t l y ,  
h o w e v e r ,  s e e d s  s o  t r e a t e d  w e r e  k i l l e d  b y  f u n g a l  i n f e c t i o n s  i n  
t h e  p h y t o t r o n .
I n  o r d e r  t o  f u r t h e r  i m p r o v e  t h e  g e r m i n a t i o n ,  a n o t h e r  
e x p e r i m e n t  i n v o l v i n g  d i f f e r e n t  p e r i o d s  o f  a l t e r n a t e  s o a k i n g  
a n d  d r y i n g  t r e a t m e n t s  f o l l o w e d  by  g e r m i n a t i o n  u n d e r  t wo 
d i f f e r e n t  t e m p e r a t u r e  r e g i m e s  was  c a r r i e d  o u t .
S e e d  t r e a t e d  w i t h  a l t e r n a t e  s o a k i n g  i n  r u n n i n g  t a p  w a t e r  
f o r  24 h o u r s  and  d r y i n g  f o r  24 h o u r s  o v e r  a p e r i o d  o f  t h r e e  
we e k s  f o l l o w e d  by  g e r m i n a t i o n  t e m p e r a t u r e  o f  3 6 ° / 3 1 ° C  ( d a y /  
n i g h t )  g a v e  t h e  b e s t  g e r m i n a t i o n .  T h i s  p r o c e d u r e  was t h e r e ­
f o r e  u s e d  f o r  t h e  l a t e r  e x p e r i m e n t .  D e t a i l s  o f  t h e  
e x p e r i m e n t s  on p r e t r e a t m e n t  p r o c e d u r e  f o l l o w .
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5 . 5  E x p e r i m e n t  on w i d e  r a n g e  o f  s e e d  p r e t r e a t m e n t
5 . 5 . 1  Ob j e c t
To s t u d y  t h e  e f f e c t  o f  d i f f e r e n t  s o a k i n g ,  c h e m i c a l  
a n d  m e c h a n i c a l  p r e t r e a t m e n t  m e t h o d s  on g e r m i n a t i o n  o f  t e a k  
s e e d  as an e x p l o r a t o r y  e x p e r i m e n t .
5 . 5 . 2  M a t e r i a l s  a n d  m e t h o d s
T e a k  s e e d  f r o m  P a p u a  New G u i n e a  h a d  t h e  f o l l o w i n g  e i g h t  
t r e a t m e n t s  a p p l i e d  :
S o a k i n g  t r e a t m e n t
( 1)  A l t e r n a t e  s o a k i n g  i n  r u n n i n g  t a p  w a t e r  a n d  d r y i n g : 
T e a k  s e e d s  w e r e  a l t e r n a t e l y  s o a k e d  i n  r u n n i n g  t a p  
w a t e r  a n d  s p r e a d  t o  d r y  a t  r o o m t e m p e r a t u r e  f o r  24 
h o u r s  e a c h .  T h i s  p r o c e s s  was  r e p e a t e d  f o r  14 d a y s .
( 2 )  S o a k i n g  i n  r u n n i n g  w a t e r : Te a k  s e e d s  w e r e  s u b m e r g e d
i n  r u n n i n g  t a p  w a t e r  a t  r o o m t e m p e r a t u r e  f o r  t h r e e  
d a y s  .
C h e m i c a l  t r e a t m e n t
( 3)  A l c o h o l  t r e a t m e n t : T e a k  s e e d s  w e r e  s o a k e d  i n
a b s o l u t e  e t h y l  a l c o h o l  f o r  24 h o u r s ,  a n d  t h e n  
t r a n s f e r r e d  i m m e d i a t e l y  i n t o  r u n n i n g  t a p  w a t e r  a t  
r oom t e m p e r a t u r e  f o r  48 h o u r s .
( 4 )  N i t r i c  a c i d  t r e a t m e n t : T e a k  s e e d s  w e r e  s o a k e d  i n
two p e r  c e n t  n i t r i c  a c i d  s o l u t i o n  f o r  24 h o u r s  p r i o r  
t o  s o w i n g  .
( 5 )  S u l p h u r i c  a c i d  t r e a t m e n t : T e a k  s e e d s  w e r e  s o a k e d  i n
c o n c e n t r a t e d  s u l p h u r i c  a c i d  f o r  ( a )  one  h o u r  (b)  t wo 
h o u r s  ( c) t h r e e  h o u r s  r e s p e c t i v e l y .  The s e e d s  w e r e  
t h e n  t h o r o u g h l y  w a s h e d  w i t h  w a t e r  b e f o r e  s o w i n g .
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( 6)  G i b b e r e l l i c  a c i d  t r e a t m e n t : T e a k  s e e d s  w e r e  s own
b e t w e e n  c o t t o n  g a u z e  p l a c e d  i n  p e t r i  d i s h e s .  The  
c o t t o n  g a u z e  was k e p t  m o i s t  w i t h  50 mg / 1  g i b b e r e l l i c  
a c i d  t h r o u g h o u t  t h e  e x p e r i m e n t .  No w a t e r i n g  was  
done  .
( 7)  H y d r o g e n  p e r o x i d e  t r e a t m e n t ; T e a k  s e e d s  w e r e  sown 
b e t w e e n  c o t t o n  g a u z e  p l a c e d  i n  p e t r i  d i s h e s .  The  
c o t t o n  g a u z e  was  k e p t  m o i s t  w i t h  t wo  p e r  c e n t  h y d r o g e n  
p e r o x i d e  s o l u t i o n  t h r o u g h o u t  t h e  e x p e r i m e n t .  No 
w a t e r i n g  was  d o n e .
M e c h a n i c a l  t r e a t m e n t
( 8)  Re mo v a l  o f  s e e d  c o a t ; The  h a r d  s e e d  c o a t s  w e r e  
c r a c k e d  w i t h  a v i c e  a n d  r e m o v e d .  The  n a k e d  e m b r y o  
w e r e  s own i n  t i n  t r a y s  as  d e s c r i b e d  b e l o w .
C on t  r  o 1
( 9)  C o n t r o l  : No p r e t r e a t m e n t  was  g i v e n  p r i o r  t o  s o w i n g .
S e e d s  f o r  s i x  o f  t h e  e i g h t  t r e a t m e n t s  and  a c o n t r o l  w e r e  
s own i n  11 cm x 22 cm x 8 cm t i n  t r a y s  c o n t a i n i n g  a m i x t u r e  
o f  1 : 1  p e r l i t e  a nd  v e r m i c u l i t e .  40 s e e d s  w e r e  sown f o r  e a c h  
t r e a t m e n t ,  and  t h e  t r a y s  w e r e  p l a c e d  i n  a g l a s s  wi ndow 
i n c u b a t o r  i l l u m i n a t e d  w i t h  a 4 0 - w a t t  b u l b .  The t r a y s  w e r e  
w a t e r e d  o n c e  a t  9 a . m .  a n d  o n c e  a t  5 p . m .  e v e r y  d a y .
5 . ,5.3 M e t h o d  o f  a s s e s s m e n t
S e e d  g e r m i n a t i o n  i s  g e n e r a l l y  a s s e s s e d  a s  t h e  t o t a l  
g e r m i n a t i o n  p e r  c e n t  ( G a r t n e r ,  1 9 5 6 ;  C z a b a t o r ,  1 9 6 2 ;  W i j e s i n g h e ,  
1 9 6 3 ;  K e r m o d e , 1 9 6 4 ;  B r y n d u m ,  1 9 6 6 ) .  H o w e v e r ,  t h i s  m e t h o d  
o f  a s s e s s i n g  g e r m i n a t i o n  c a n  b e  m i s l e a d i n g  f o r  t o t a l  g e r m i n a t i o n
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v a r i e s  w i t h  t h e  l e n g t h  o f  t i m e  t h e  t e s t  i s  c o n d u c t e d  ( C z a b a t o r , 
1 9 6 2 ) .  I n t e r p r e t a t i o n  o f  g e r m i n a t i o n  may t h e r e f o r e  b e  
i n c o r r e c t  o r  m i s l e a d i n g  i f  o n l y  t o t a l  g e r m i n a t i o n  i s  c o n s i d e r e d .  
C z a b a t o r  ( 1962)  d e v e l o p e d  a m e t h o d  o f  g e r m i n a t i o n  a s s e s s m e n t  i n  
w h i c h  b o t h  s p e e d  a n d  t o t a l i t y  o f  g e r m i n a t i o n  w e r e  e x p r e s s e d  
as  a s i n g l e  n u m e r i c a l  v a l u e .  C z a b a t o r  c a l c u l a t e d  a 
g e r m i n a t i o n  v a l u e  w h e r e i n
GV = PV x MDG
w h e r e ,  GV = g e r m i n a t i o n  v a l u e
PV = p e a k  v a l u e  
MDG = mean d a i l y  g e r m i n a t i o n
P e a k  v a l u e  ( a  m e a s u r e  o f  t h e  e n e r g y  o r  v i g o u r  o f  t h e  
s e e d  l o t )  i s  e x p r e s s e d  i n  t e r m s  o f  t h e  h i g h e s t  g e r m i n a t i o n  
p e r  c e n t  i n  r e l a t i o n  t o  e l a p s e  o f  t i m e  f r o m  t h e  s t a r t  o f  a 
t e s t .  T h i s  i s  d e t e r m i n e d  b y  s u c c e s s i v e l y  d i v i d i n g  t h e  
c u m u l a t i v e  g e r m i n a t i o n  p e r  c e n t  b y  t h e  n u m b e r  o f  d a y s  u n t i l  
a q u o t i e n t  g i v i n g  t h e  h i g h e s t  v a l u e  (PV) i s  o b t a i n e d .
N o r m a l l y ,  t h e  q u o t i e n t  b e c o m e s  p r o g r e s s i v e l y  l e s s  f o r  e a c h  
d a y  on e i t h e r  s i d e  o f  t h e  p e a k  d a y .
S o m e t i m e s  mo r e  t h a n  one  p e a k  may d e v e l o p  d u r i n g  t h e  
c o u r s e  o f  g e r m i n a t i o n .  I n  s u c h  a c a s e ,  i t  i s  s a f e r  t o  d r a w 
a g r a p h  a n d  s t u d y  t h e  t r e n d  o f  t h e  c u r v e  b e f o r e  d e c i d i n g  w h i c h  
p e a k  t o  u s e  i n  c a l c u l a t i n g  t h e  p e a k  v a l u e .  Some may b e  due 
t o  f l u c t u a t i o n s  w h i c h  a r e  t o o  s m a l l  t o  b e  c o n s i d e r e d  as  a 
p e a k  a nd  i n  s u c h  c a s e s ,  i t  i s  mo r e  r e a s o n a b l e  t o  u s e  t h e  mo r e  
p r o m i n e n t  p e a k  w h i c h  f o r m s  a s h o u l d e r  i n  t h e  mean c o u r s e  o f  
ge r m i n  a t  i o n  .
61
Mean daily germination is the average number of seeds 
germinating per day of the actual test period to the date 
of measurement. It is calculated by dividing the total 
germination per cent on the closing day by the total number 
of days .
Records of germination were taken daily and germination 
for each fruit was counted as one, although some fruits 
produced up to four seedlings.
5.5.4 Results and discussion
Results obtained in the experiment are shown in Table 18.
Table 18. Results of germination of teak seed treated 
under a wide range seed pretreatment methods
Tre atment Peak value 
(PV)
Me an dai ly 
germin ation 
(MDG)
Germin ation 
value (GV) 
PV x MDG
Alternate soaking 
and drying 0 . 74 0.55 0.41
Soaking for 3 days - - -
Sthyl alcohol 
(ab solute) - _ -
Nitric acid 0.46 0.46 0.21
Sulphuric acid 
(Con c.) 0.25 0 . 12 0.03
Gibberellic acid 0.37 0.37 0 . 14
dydrogen peroxide 0 .56 0.56 0.31
Seed coat removed 2 . 19 0.65 1.42
Control 0.65 0.65 0.42
The removal of the seed coat proved by far the most
successful technique. This treatment had a far higher
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germination value than any other and a higher peak value, 
the latter indicating rapid germination. However, overall 
germination as indicated by MDG figures was no better than 
control. Of the other treatments, soaking and drying had a 
similar germination value to the control but actually 
produced more rapid germination (PV) and lower overall 
germination (MDG). All other treatments were inferior to 
the control, mostly by appreciable margins, and two 
treatments, continued soaking and the alcohol treatment, 
produced no germination at all.
This suggested chemical treatments were of little value 
and mechanical removal of the seed coat was the best method. 
However, on the four occasions this method was employed in 
the phytotron, under the prevailing humid conditions all 
germinating seeds were killed by fungal growth. Considerable 
care may therefore be necessary in germinating seeds with 
the seed coat completely removed, especially under humid 
conditions. Furthermore, the process is extremely tedious 
as the fruit coat had to be broken open by hand to avoid 
damage to the embryos as far as possible. Despite precautions, 
some damage occurred.
The soaking and drying technique proved much more 
reliable although slower. It was also a much simpler technique 
and was therefore applied for all experiments in the controlled 
environmen ts.
5.6 Experiment on alternately soaking and drying pretreatment
of teak seed
5.6.1 Ob j e ct
To study the effects of different periods of soaking and
drying pretreatment, and temperature on the germination of 
teak seeds.
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5.6.2 Materials and methods
This experiment was conducted in the open glasshouses 
at the C.S.I.R.O. phytotron (see Chapter XI). A batch 
of teak seeds of Papua New Guinea origin was thoroughly mixed 
and randomly divided into four seed lots. 200 seeds were 
randomly taken from each seed lot. One lot was kept as 
control with no pretreatment given, whilst the remaining 
three seed lots were alternately soaked in running tap water 
at room temperature for 24 hours, and spread out in tin trays 
and dried in 30Q/25°C open glasshouse for 24 hours. The 
process was repeated for one week for the first seed lot, 
two weeks for the second seed lot, and three weeks for the 
third seed lot. The process was started at one week intervals 
so that all treatments were ready for sowing on the same day.
The seeds were sown in 15 cm top diameter plastic pots 
containing a mixture of 3:2 perlite and vermiculite, and 
were covered with approximately 0.5 cm deep of the same 
mixture. Each pot contained 20 seeds and a replicate of 
5 x 20 seeds was used for each treatment. One set of the 
sown seeds (i.e. containing control, and those pretreated for 
1-week, 2-weeks, 3-weeks), were put in 30°/25°C open glass­
house, and another set was put in 36°/31°C open glasshouse.
All the pots in the two glasshouses were placed in troughs 
containing water approximately 2.5 cm deep. The level of 
water in the troughs was maintained throughout the experiment. 
The pots were also watered once at 8.30 a.m. and once at 
3.30 p .m . daily.
Table 19. Germination value (Recorded data)
Pret re atment 30/2 5 ° C 36/3 1 ° C Me an
Control 0.008 0.017 0.013]
1 -we ek 0.075 0.091 0 . 0 8 3J S
2 - we ek 0.274 0.227 0.251
3-week 0 . 365 0.592 0 .479
Me an 0.181 0.232
L.S.D. 0 . 180
Table 20. Analysis of variance for recorded dat a
Source of A f Sum of Mean pvariation q . r . squares s quares •
Temperature i 0.026153 0 .026 153 0 .71
Pretreatment 3 1.288208 0.429403 11 .67 *
Interaction 3 0 . 108581 0.036194 0 .98
Residual 32 1 . 1772 15 0.036788
T ab 1e 21. Germination value (substituted with missing
plot value for anomalous record)
P re t re atment 30°/25° C 36 °/31°C Me an
Contro1 0.008 0.017 0.013]
1-week 0.075 0.091 0.083J1
2-we ek 0 . 143 0.227 0.185 J
3-week 0.365 0 .592 0.479
Me an 0 . 148 0.232
L . S . D . 0.143
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Table 22. Analysis of variance for data substituted
with missing plot value
Source of 
v ari at i on d.f.
Sum of 
s quares
Me an 
square s F
Te mp erature 1 0.070283 0.070283 2 . 86
Pret re atment 3 1.261982 0.420661 17 . 13 **
In t e r acti on 3 0.0765 16 0.025505 1.04
Residua1 31 0 . 761097 0.024552
---------- u
5.6.3 Results and discussion
The results of the experiment were calculated as 
described above for the previous experiment under sub-section 
5.4.3 and they are as shown in Tables 19 and 21 and Figure 9. 
The germination improved with the increase in the period of 
soaking and drying within the limit studied. The effect of 
germinating temperature however was not significant. However, 
examination of the data for the two week treatment at 
30°/25°C suggested one of the five values to be anomalous as 
this was approximately four times as big as the next largest. 
Accordingly, a missing plot substitution (Freese, 1967) was 
utilized to replace the value, and the results were calculated 
for both the entire original data and also for the data 
including the missing plot value. Both results are detailed 
in Tables 19 and 21 and Figure 9.
Germination commenced 11-14 days after setting out in 
all batches except the batch that was pretreated for one week 
only and germinated under 30°/25°C and also the control 
batches. The batch pretreated for one week and germinated
M P M is s i n g  p lo t
3 0 ° / 25° C
LS.D.
L S D. (using missing 
plot)
3 WEEKS2 WEEKSCONTROL 1 WEEK
F i g u r e  9 H i s t o g r a m  s h o w i n g  t h e  e f f e c t s  o f  d i f f e r e n t  
p e r i o d s  o f  a l t e r n a t e  s o a k i n g  and  d r y i n g  
p r e t r e a t m e n t  and t e m p e r a t u r e  on g e r m i n a t i o n  
v a l u e  o f  t e a k  s e e d .
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u n d e r  3 0 ° / 2 5 ° C  s t a r t e d  g e r m i n a t i n g  on t h e  2 1 s t  d a y  a nd  t h e  
c o n t r o l  b a t c h e s  g e r m i n a t e d  u n d e r  3 6 ° / 3 1 ° C  and  3 0 ° / 2 5 ° C  on 
t h e  3 1 s t  a n d  3 2 n d  d a y  r e s p e c t i v e l y .  T h e r e  we r e  i n d i c a t i o n s  
t h a t  g e r m i n a t i o n  was  s l i g h t l y  mor e  r a p i d  a t  t h e  h i g h e r  
t e m p e r a t u r e ,  a n d  g e r m i n a t i o n  c l e a r l y  c ommence d  e a r l i e r  a t  
l o n g e r  p e r i o d s  o f  a l t e r n a t e  s o a k i n g  a n d  d r y i n g  p r e t r e a t m e n t  
w i t h i n  t h e  l i m i t s  s t u d i e d .
The  a n a l y s i s  o f  v a r i a n c e  s h o w e d  t h e  r e s u l t s  due  t o  t h e  
v a r i o u s  p r e t r e a t m e n t s  d i f f e r e d  s i g n i f i c a n t l y  a t  t h e  one  p e r  
c e n t  l e v e l  ( T a b l e s  20 a n d  2 2 ) .  Th e  b a t c h  p r e t r e a t e d  f o r  
t h r e e  w e e k s  was s i g n i f i c a n t l y  t h e  b e s t  ( T a b l e s  19 a n d  21)  . 
S e e d s  p r e t r e a t e d  f o r  t wo  we e k s  a l s o  g a v e  a s i g n i f i c a n t l y  
h i g h e r  g e r m i n a t i o n  v a l u e  t h a n  t h e  c o n t r o l ,  b u t  t h e d i f f e r e n c e  
b e t w e e n  t h e  b a t c h  p r e t r e a t e d  f o r  o n e  we e k  a n d  c o n t r o l  was  
n o t  s i g n i f i c a n t .  T h u s ,  t h e  g e r m i n a t i o n  v a l u e  i n c r e a s e d  
w i t h  t h e  i n c r e a s e  i n  a l t e r n a t e  s o a k i n g  a nd  d r y i n g  p r e t r e a t m e n t  
p e r i o d  f r o m  n o  t r e a t m e n t  t o  t h r e e  w e e k s .
The  e f f e c t  o f  g e r m i n a t i n g  t e m p e r a t u r e  on t h e  g e r m i n a t i o n  
v a l u e  was  n o t  s i g n i f i c a n t ,  e v e n  whe n  t h e  m i s s i n g  p l o t  
s u b s t i t u t i o n  was  ma d e .  H o w e v e r ,  t h e r e  a r e  i n d i c a t i o n s  t h a t  
g e r m i n a t i o n  v a l u e  t e n d s  t o  be  h i g h e r  a t  3 6 ° / 3 1 ° C  t h a n  a t  
3 0 ° / 2 5 ° C  [ T a b l e s  19 a n d  2 1 ) .  P o s s i b l y  t h e  e f f e c t  o f  
t e m p e r a t u r e  was  m a s k e d  d u e  t o  t h e  e r r a t i c  n a t u r e  o f  t e a k  
g e r m i n a t i o n .  L a r g e r  n u m b e r s  o f  s a m p l e s  m i g h t  g i v e  some 
p o s i t i v e  r e s u l t s  f o r  t e m p e r a t u r e  e f f e c t s .
S i n c e  g e r m i n a t i o n  o f  t e a k  s e e d  was  b e s t  a f t e r  b e i n g  
p r e t r e a t e d  by  a l t e r n a t e  s o a k i n g  a n d  d r y i n g  f o r  t h r e e  w e e k s ,  
t h i s  t e c h n i q u e  w i t h  3 6 ° / 3 1 ° C  g e r m i n a t i n g  t e m p e r a t u r e  was
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adopted for the main experiment. However, three weeks 
cannot be considered as the optimum period of alternate 
soaking and drying pretre atment , as the effect of further 
increasing the pretreatment period was not determined. 
Further study is needed to determine the optimum period of 
pretreatment method and temperature effects. If high 
temperatures do improve teak seed germination, a method of 
heating nursery beds will prove useful.
CHAPTER VI
NURSERY TECHNIQUE
6 . 1  T e a k  n u r s e r y  p r o c e d u r e
T e a k  s e e d l i n g s  a r e  v e r y  h a r d y  a n d  f a i r l y  e a s y  t o  r a i s e  
i n  n u r s e r i e s  ( H a i g ,  et_ aJL_. , 1958  ; K e r m o d e , 1 9 6 4 ) .  Th e y  
gr ow q u i c k l y  and  t h e  u s u a l  p r o c e d u r e  i s  t o  sow:  s e e d s  a t  
t h e  v e r y  b e g i n n i n g  o f  t h e  r a i n y  s e a s o n  ( A p r i l  i n  B u r m a ) .
The  r e s u l t i n g  s e e d l i n g s  w i l l  t h e n  be  o f  t h e  o r d e r  o f  
a p p r o x i m a t e l y  0 . 6  m e t r e s  h i g h  a t  p l a n t i n g  t i m e  13 mo n t h s  
l a t e r .  F o r  p l a n t i n g ,  t h e  s e e d l i n g s  a r e  c u t  b a c k  t o  ' s t u m p s ’ , 
w h e r e  p a r t  o f  t h e  s t e m s  and  r o o t s  a r e  c u t  o f f  a n d  t h e  o n l y  
s e c t i o n  r e t a i n e d  i s  a b o u t  2 . 5  cm o f  t h e  l o w e r  s t e m  a nd  
a p p r o x i m a t e l y  15 cm o f  r o o t .  When p l a n t e d ,  t h e s e  s t u m p s  
s p r o u t  a n d  q u i c k l y  d e v e l o p  as  e s t a b l i s h e d  t r e e s .
T e a k  s e e d l i n g s  may b e  r a i s e d  i n  e i t h e r  t e m p o r a r y  o r  
p e r m a n e n t  n u r s e r i e s .  G e n e r a l l y ,  t e m p o r a r y  n u r s e r i e s  a r e  u s e d  
t o  r e g e n e r a t e  s m a l l  s c a t t e r e d  a r e a s  w h i l s t  p e r m a n e n t  n u r s e r i e s  
a r e  u s e d  f o r  c o n c e n t r a t e d  r e g e n e r a t i o n  o f  l a r g e  a r e a s  o r  
t o  s u p p l e m e n t  t e m p o r a r y  n u r s e r i e s .  B o t h  h a v e  t h e i r  m e r i t s  
a nd  d e m e r i t s .  H o w e v e r ,  t h e r e  a r e  many f e a t u r e s  common t o  
t h e  m a n a g e m e n t  o f  b o t h  n u r s e r y  t y p e s .
6 . 2  Type  o f  n u r s e r y
T e m p o r a r y  n u r s e r i e s  a r e  e s t a b l i s h e d  n e a r  p l a n t i n g  s i t e s ,  
a nd  a r e  u s e d  f o r  o n e  t o  t h r e e  y e a r s .  P e r m a n e n t  n u r s e r i e s  
on t h e  o t h e r  h a n d  may b e  e s t a b l i s h e d  t o  s e r v e  o v e r  a l o n g e r  
p e r i o d  o f  t i m e  and  may s u p p l y  s e e d l i n g s  t o  s e v e r a l  d i f f e r e n t  
p i  a n t i n g  s i t e s .
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Ke r mode  ( 1 9 6 4 ) ,  b e l i e v e d  t h e r e  was  no  n e e d  f o r  an 
e l a b o r a t e  n u r s e r y  f o r  r a i s i n g  t e a k  i n  Bu r ma .  He f e l t  a 
t e m p o r a r y  n u r s e r y  s h o u l d  be  u s e d  f o r  one  s e a s o n  o n l y .  I t  
s h o u l d  be  e s t a b l i s h e d  i n  t h e  c u r r e n t  y e a r ’ s p l a n t a t i o n  a r e a ,  
and  t h e  n u r s e r y  s t o c k  u s e d  f o r  p l a n t i n g  t h e  a d j o i n i n g  a r e a  
t h e  f o l l o w i n g  y e a r .  S i m i l a r l y  i n  T r i n i d a d ,  t e a k  t e m p o r a r y  
n u r s e r i e s  w e r e  g e n e r a l l y  u s e d  f o r  o n l y  o n e  y e a r ,  b u t  w h e r e  
s o i l  f e r t i l i t y  was  h i g h ,  t h e  s i t e  was  u s e d  f o r  t wo  y e a r s  
( La mb ,  195 7 ) .  I n  P a p u a  New G u i n e a  a n d  T a n z a n i a ,  i t  i s  t h e  
u s u a l  p r a c t i c e  t o  u s e  t e a k  t e m p o r a r y  n u r s e r y  s i t e s  f o r  t wo 
o r  t h r e e  y e a r s  ( W h i t e  a n d  C a m e r o n ,  1965 ; Wood,  1 9 6 7 ) .  T h u s ,  
t e m p o r a r y  n u r s e r i e s  f r e q u e n t l y  h a v e  a l i f e  o f  mo r e  t h a n  
one  y e a r .
T e m p o r a r y  n u r s e r i e s  a r e  m o s t  p r a c t i c a l  w h e r e  s c a t t e r e d  
s m a l l  a r e a s  a r e  t o  be  p l a n t e d ,  e s p e c i a l l y  i f  t h e r e  a r e  
a s s o c i a t e d  t r a n s p o r t a t i o n  d i f f i c u l t i e s .  T h e y  s u f f e r  h o w e v e r  
i n  t h a t  c l o s e  s u p e r v i s i o n  i s  n o t  u s u a l l y  p o s s i b l e  a nd  l o s s e s  
may o c c u r  due  t o  f a c t o r s  d i f f i c u l t  t o  c o n t r o l  u n d e r  s u c h  
c i r c u m s t a n c e s .  F o r  e x a m p l e ,  i n  Bu r ma ,  t e m p o r a r y  n u r s e r i e s  
a r e  n o r m a l l y  e s t a b l i s h e d  c l o s e  t o  s t r e a m s  t o  f a c i l i t a t e  
w a t e r i n g .  T h i s  p r a c t i c e  h o w e v e r  ma ke s  t h e  n u r s e r y  
s u s c e p t i b l e  t o  f l o o d  d a m a g e .  A n o t h e r  f r e q u e n t  c a u s e  o f  
l o s s e s  i n  t h e s e  i s o l a t e d  n u r s e r i e s  i s  c a t t l e  d a m a g e .  Bo t h  
t h e s e  f a c t o r s  h a v e  l e d  t o  s u b s t a n t i a l  l o s s e s  i n  some Bu r me s e  
t e m p o r a r y  n u r s e r i e s .  To o b v i a t e  t h e  p r o b l e m ,  c u r r e n t  Bu r me s e  
p r a c t i c e  i s  t o  h a v e  t e m p o r a r y  n u r s e r i e s  a t  a l l  r e g e n e r a t i o n  
c e n t r e s  a n d  any  s h o r t a g e s  a r e  made  up f r o m  f o u r  p e r m a n e n t  
n u r s e r i e s  s i t u a t e d  a t  s t r a t e g i c  l o c a l i t i e s  t h r o u g h o u t  t h e  
c o u n t r y .  P e r m a n e n t  n u r s e r i e s  a r e  p r e s e n t l y  s i t u a t e d  a t
69
Hmawbi  ( n e a r  Ra n g o o n )  , T o u n g o o , T a u n g g y i ,  a nd  K a t h a  ( s e e  
F i g u r e  1 f o r  l o c a t i o n s ) .
P e r m a n e n t  n u r s e r i e s  h a v e  t h e  a d v a n t a g e  o f  a l l o w i n g  
w o r k  t o  b e  c o n c e n t r a t e d ,  t h u s  f a c i l i t a t i n g  m e c h a n i z a t i o n  
a nd  a l l o w i n g  c l o s e  s u p e r v i s i o n  b y  s k i l l e d  s t a f f .  In 
c o n s e q u e n c e ,  p e r m a n e n t  n u r s e r i e s  u s u a l l y  p r o d u c e  b o t h  
b e t t e r  q u a l i t y  s e e d l i n g s  and  a g r e a t e r  q u a n t i t y  o f  s e e d l i n g s  
t h a n  do t e m p o r a r y  n u r s e r i e s  ( I y a m a b o ,  1 9 5 7 ) .  P e r m a n e n t  
n u r s e r i e s  w o u l d  t h u s  be  p a r t i c u l a r l y  u s e f u l  w h e r e  r e g e n e r a t i o n  
o f  a l a r g e  a r e a  i s  t o  b e  c a r r i e d  o u t  q u i c k l y .
H o w e v e r ,  t h e r e  ca n  be  m a j o r  d i f f i c u l t i e s  i n  t h e  
m a i n t e n a n c e  o f  s o i l  f e r t i l i t y  i n  p e r m a n e n t  n u r s e r i e s ,  
e s p e c i a l l y  i n  t r o p i c a l  a r e a s  ( V e n k a t a r a m a n y , 1 9 5 6 ;  Wood,
1 9 6 7 ) .  I n  T a n z a n i a ,  a t e a k  p e r m a n e n t  n u r s e r y  u s e d  c o n t i n u o u s l y  
f o r  s e v e n  y e a r s  l o s t  f e r t i l i t y  d e s p i t e  r e g u l a r  f e r t i l i z e r  
a p p l i c a t i o n s .  The  r e s u l t  was  b o t h  a r e d u c e d  o u t t u r n  o f  
s t u m p s  a n d  t h e  p r o d u c t i o n  o f  u n h e a l t h y  s t u m p s  ( Wood,  1 9 6 7 ) .
V e n k a t a r a m a n y  ( 1 9 5 6 )  s u m m a r i z e d  t h e  r e s u l t s  o f  r e s e a r c h  on 
a r t i f i c i a l  r e g e n e r a t i o n  o f  t e a k  i n  M a d r a s  S t a t e  ( I n d i a )  
f r o m  1926 t o  1 9 5 6 .  He s i m i l a r l y  r e p o r t e d t h a t  e v e n  w i t h  
r e g u l a r  a p p l i c a t i o n  o f  m a n u r e ,  t h e  r e p e a t e d  u s e  o f  n u r s e r y  
b e d s  y e a r  a f t e r  y e a r  c a u s e d  c o n s i d e r a b l y  f a l l i n g  o f f  i n  
p r o d u c t i o n  o f  t e a k  s t u m p s ,  b o t h  i n  s i z e  and  n u m b e r .  
U n f o r t u n a t e l y ,  n e i t h e r  Wood n o r  V e n k a t a r a m a n y  s p e c i f i e d  t h e  
n a t u r e  a n d  q u a n t i t y  o f  f e r t i l i z e r  a n d  m a n u r e  a p p l i e d .
H o w e v e r ,  i t  w o u l d  b e  u n w i s e  i n  t h e  l i g h t  o f  t h i s  e x p e r i e n c e  
t o  e x p e c t  p e r m a n e n t  n u r s e r i e s  t o  h a v e  a u s e f u l  l i f e  o f  
mor e  t h a n  s e v e n  y e a r s .
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T h e r e  a r e ,  t h e r e f o r e ,  p r o b l e m s  w i t h  b o t h  n u r s e r y  t y p e s .  
T e m p o r a r y  n u r s e r i e s  f r e q u e n t l y  f a i l  t o  s a t i s f y  s u p p l y  
r e q u i r e m e n t s .  On t h e  o t h e r  h a n d  p e r m a n e n t  n u r s e r i e s  a r e  
e x p e n s i v e  t o  i n s t a l l ,  may o n l y  h a v e  a l i m i t e d  l i f e  and  a r e  
u n s u i t a b l e  i f  t r a n s p o r t  i s  d i f f i c u l t .  P e r m a n e n t  n u r s e r i e s  
d o ,  h o w e v e r ,  p r o v i d e  b e t t e r  q u a l i t y  s t o c k  a nd  u s u a l l y  me e t  
s u p p l y  r e q u i r e m e n t s .
The  n e e d  t o  b a l a n c e  t h e s e  v a r i o u s  c o n d i t i o n s  me a n s  
n u r s e r y  p r a c t i c e  v a r i e s  a p p r e c i a b l y  f r o m  p l a c e  t o  p l a c e .  I n  
I n d i a ,  f o r  e x a m p l e ,  p e r s o n a l  c o m m u n i c a t i o n  a nd  e x a m i n a t i o n  
by  t h e  a u t h o r  i n  t h e  f i e l d  h a v e  r e v e a l e d  a v e r y  w i d e  d i v e r s i t y  
i n  n u r s e r y  p r a c t i c e .  I n d e e d  t h e  v a r i a t i o n  i s  s o  g r e a t  t h a t  
e n t i r e l y  d i f f e r e n t  p r o c e d u r e s  may b e  f o l l o w e d  i n  n e i g h b o u r i n g  
f o r e s t  d i v i s i o n s .  H o w e v e r ,  i n  t h e  f u t u r e  as m e c h a n i z a t i o n  
a n d  t r a n s p o r t a t i o n  p r o c e d u r e s  i m p r o v e ,  a n d  l a r g e  s c a l e  
p l a n t a t i o n  b e c o m e s  mo r e  common,  i t  i s  l i k e l y  p e r m a n e n t  
n u r s e r i e s  w i l l  be  mo r e  w i d e l y  u s e d  t h a n  a t  p r e s e n t .
6 . 3  S i t e  s e l e c t i o n
S i t e  s e l e c t i o n  i s  t h e  m o s t  i m p o r t a n t  p h a s e  i n  n u r s e r y  
e s t a b l i s h m e n t  i n  t h e  t r o p i c s .  S e l e c t i o n  o f  u n s u i t a b l e  s i t e s  
c a n  l e a d  t o  f a i l u r e  o r  make t h e  c o s t  o f  r u n n i n g  t h e  n u r s e r y  
u n e c o n o m i c a l .  G e n e r a l l y ,  t o p o g r a p h y ,  d r a i n a g e ,  w a t e r  
a v a i l a b i l i t y ,  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  o f  t h e  s o i l ,  
and  a c c e s s i b i l i t y  s h o u l d  b e  c o n s i d e r e d  ( T a y l o r ,  1 9 6 2 ;  Wh i t e  
and  C a m e r o n ,  1 9 6 5 ) .
A l t h o u g h  s i t e  s e l e c t i o n  i s  c l e a r l y  mor e  i m p o r t a n t  f o r  
p e r m a n e n t  t h a n  f o r  t e m p o r a r y  n u r s e r i e s ,  i t  i s  n e v e r t h e l e s s  
a m a j o r  c o n s i d e r a t i o n  i n  a l l  n u r s e r y  e s t a b l i s h m e n t .  W h i t e  
and  Ca me r o n  ( 1 9 6 5 )  o u t l i n e d  t h e  f o l l o w i n g  c r i t e r i a  f o r  t h e
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s i t e  o f  a t e m p o r a r y  t e a k  n u r s e r y  i n  New G u i n e a  as  :
( a )  A l e v e l  o r  g e n t l y  s l o p i n g  s i t e  o f  s u f f i c i e n t  a r e a  
t o  a l l o w  f o r  a c l e a r e d  s u r r o u n d  a t  l e a s t  one  c h a i n  w i d e  a n d  
l o c a t e d  i n  r a i n f o r e s t  c o u n t r y .
( b )  L o c a l  d e p r e s s i o n s ,  w h e r e  w a t e r  may c o l l e c t ,  a r e  
t o  be  a v o i d e d .
( c )  A r e a s  o f  d e n s e  h e r b a c e o u s  o r  g r a s s  c o v e r  a r e  t o  
be  a v o i d e d  as  w e e d  p r o b l e m s  w i l l  b e  s e v e r e .
( d )  The n u r s e r y  s h o u l d  b e  s i t e d  on a l i g h t  s a n d y  l o a m 
s o i l  w h i c h  i s  d e e p  a nd  h a s  g o o d  i n t e r n a l  d r a i n a g e .
( e )  The  a r e a  m u s t  b e ,  o r  c a p a b l e  o f  b e i n g  r e a d i l y  made  
a c c e s s i b l e  t o  v e h i c l e s .
( f ) A s i t e  t o  s e r v e  t wo t o  t h r e e  y e a r s ,  and  a d j a c e n t  
t o  t h e  p l a n t i n g  a r e a  f o r  t h a t  p e r i o d  i s  p r e f e r a b l e .
The  s p e c i f i e d  c r i t e r i a  f o r  s i t e  s e l e c t i o n  f o r  t e m p o r a r y  
t e a k  n u r s e r i e s  i n  Bur ma  a r e  p r i n c i p a l l y  t h e  s a me  as  i n  P a p u a  
New G u i n e a ,  a l t h o u g h  n o t  i d e n t i c a l .
The m a j o r  d i f f e r e n c e  i n  t h e  s i t e  s e l e c t i o n  o f  a 
p e r m a n e n t  n u r s e r y  as  o p p o s e d  t o  a t e m p o r a r y  n u r s e r y  i s  t h e  
n e e d  t o  h a v e  t h e  n u r s e r y  i n  c l o s e  p r o x i m i t y  t o  h e a d q u a r t e r s ,  
t h u s  f a c i l i t a t i n g  i n t e n s i v e  t e c h n i c a l  s u p e r v i s i o n  and  
m a i n t e n a n c e .  I y a m a b o  ( 1 9 6 7 )  h a s  s u m m a r i z e d  t h e  r e q u i r e m e n t s  
o f  a t e m p o r a r y  t r o p i c a l  n u r s e r y  n o t i n g  t h a t  a l t h o u g h  i t  i s  
d e s i r a b l e  t o  h a v e  t h e  n u r s e r y  c l o s e  t o  p l a n t i n g  a r e a s ,  e x p e r t  
s u p e r v i s i o n ,  s k i l l e d  l a b o u r ,  a n d  f a c i l i t i e s  f o r  e q u i p m e n t  
m a i n t e n a n c e  a r e  o f  g r e a t e r  i m p o r t a n c e .  H o w e v e r ,  w h e r e  t h e  
n u r s e r y  i s  n o t  l o c a t e d  i n  c l o s e  p r o x i m i t y  t o  t h e  p l a n t i n g  
s i t e ,  d i f f e r e n c e s  b e t w e e n  t h e  e c o l o g y  o f  t h e  n u r s e r y  a n d  t h e
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p l a n t i n g  s i t e  s h o u l d  b e  s u c h  s o  as  n o t  t o  a d v e r s e l y  a f f e c t  
t h e  p l a n t s '  e s t a b l i s h m e n t  ( M e t r o ,  1 9 6 7 ) .  The  p h y s i c a l  
c o n d i t i o n  o f  t h e  s o i l  a t  t h e  n u r s e r y  s i t e  i s  v e r y  i m p o r t a n t .
I n  g e n e r a l ,  l i g h t  s a n d y  l o a ms  a r e  p r e f e r a b l e  ( W h i t e  and  
C a m e r o n ,  1 9 6 5 ;  S t e v e n s ,  1 9 7 1 ) .  T h e s e  a u t h o r s  f e l t  s o i l  
c o n d i t i o n  t o  b e  much mo r e  i m p o r t a n t  t h a n  t h e  n u t r i e n t  s t a t u s ,  
f o r  t h i s  c o u l d  e a s i l y  b e  i m p r o v e d  by  f e r t i l i z e r s .
6 . 4  N u r s e r y  b e d  p r e p a r a t i o n
The  g e n e r a l  p r a c t i c e  i n  p r e p a r i n g  a t e a k  n u r s e r y  b e d  
i s  t o  c l e a r  f e l l  t h e  a r e a  s e l e c t e d ,  u p r o o t  a l l  b a mb o o  c l u mp s  
a n d  l a r g e  s t u m p s ,  a n d  t h e n  t o  b u r n  t h e  a r e a .  Wher e  
c u l t i v a t i o n  i s  t o  b e  c a r r i e d  o u t  m a n u a l l y ,  t h e  b e d  p o s i t i o n  
i s  m a r k e d  i m m e d i a t e l y  a f t e r  t h e  a r e a  h a s  b e e n  c l e a r e d .  A 
w i d t h  o f  a p p r o x i m a t e l y  o n e  m e t r e  i s  u s u a l l y  f a v o u r e d  as 
f a c i l i t a t i n g  m a n u a l  w e e d i n g .  Beds  s h o u l d  r u n  a t  r i g h t  a n g l e s  
t o  t h e  s l o p e ,  and  t h e  l e n g t h  o f  t h e  b e d s  d e p e n d s  u p o n  t h e  
t o p o g r a p h y  a n d  o t h e r  f a c t o r s  ( T a y l o r ,  1 9 6 2 ;  W h i t e  a n d  C a m e r o n ,  
1965)  .
The  s o i l  i n  b e d s  i s  d u g  t o  a b o u t  20 cm d e p t h .  The 
b e d s  a r e  u s u a l l y  r a i s e d  t o  2 0 - 2 3  cm a b o v e  t h e  s u r r o u n d i n g  
s o i l .  The  b e d  s i d e s  a r e  s u p p o r t e d  w i t h  s p l i t  b a mb o o s  o r  p o l e s  
and  t o  a v o i d  w a t e r  c o l l e c t i n g  on t o p ,  t h e  s u r f a c e  o f  t h e  
b e d s  i s  e i t h e r  f l a t  o r  c o n v e x .
I n  m e c h a n i z e d  n u r s e r i e s ,  t h e  w h o l e  a r e a  i s  f i r s t  
p l o u g h e d  t o  a d e p t h  o f  20 cm (LARP,  1 9 7 2 ) .  I n  New G u i n e a ,  
t h e  s o i l  i s  c u l t i v a t e d  t w i c e  t o  g e t  a g o o d  s o i l  t u r n o v e r  and  
c l o d  b r e a k d o w n  ( W h i t e  a n d  C a m e r o n ,  1 9 6 5 ) .  A f t e r  p r e p a r a t i o n ,  
t h e  b e d s  a r e  l e f t  t o  s e t t l e  n a t u r a l l y  b e f o r e  s o w i n g  c o m me n c e s .
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The type of bed and bed size and orientation is otherwise 
very similar to non-mechanized nurseries.
6.5 Maintenance of fertility
As noted above, maintenance of soil fertility is a 
most important aspect of teak nurseries. This is normally 
effected by application of fertilizer or by using beds in 
rotation with a fallow period (Allan, 1967; Chandler, 1967; 
Procter, 1967; Lamb, 1969).
In a temporary nursery used for more than a year or
where the soil fertility is low, the fertility of the soil
can be maintained or improved by application of fertilizer 
or manure. However, where the nursery is to be used for 
only one year, and the soil fertility is high, then
application of fertilizer can be very light or perhaps not
necessary at all. In Burma, cow-dung manure is used if 
required to improve soil fertility in teak temporary nurseries.
Maintenance of soil fertility is particularly important 
in permanent nurseries where there is a considerable drain 
on soil nutrients due to exposure and repeated use of site 
(White and Cameron; Iyamabo, 1967).
The most commonly used fertilizer in teak nurseries is 
a mixture of nitrogen, phosphorus, and potassium compounds 
(NPK) (White and Cameron, 1965 ; Bhatnagar, ejt_ a^. , 1969 ; 
Henderson, 1970) . White and Cameron (1965) recommended a 
weight : weight ratio of 17:11:20, or 21:14:14 for these 
elements with the latter preferable. They considered higher 
phosphate content would promote greater root development. 
Aldhous (1967) recommended the use of ’slow release’
fertilizers such as magnesium ammonium phosphate, potassism 
metaphosphate, and isobutylidene diurea, which are composed 
of less soluble materials than those commonly used, and 
will not therefore be so readily leached when exposed.
Experiments to demonstrate the results of applying 
fertilizers to nurseries were carried out in India by 
Bhatnagar, et_ aj^ . , ( 1969). The treatment involved different
levels of nitrogen, phosphorus, and potassium and indicated 
that teak seedlings respond very well both in total height 
growth and dry weight to NPK mixture especially with nitrogen 
and potassium at high levels. Growth however was not 
increased with an increase in the proportion of phosphorus; 
no mention was made of root development. Thus whilst White 
and Cameron recommended an application level of 450 kg/ha 
innursery beds using NPK in a 21:14:14 ratio, Bhatnagar 
et al . concluded that for good growth of teak seedlings, 
desirable application levels were 680 mg/plant of both nitrogen 
and potassium and 450 mg/plant of phosphorus. It is 
conceivable that these different recommendations simply 
reflect the differing environment of India and Papua New 
Guinea. What is clear however is the value of a general 
fertilizer application in nurseries and the possible need to 
determine the optimum proportion of the major constituents 
for local conditions.
Fallowing and organic manures are also used to maintain 
nursery fertility. In Burma, the permanent nurseries are 
divided into blocks and these are used in rotation with one 
or two blocks lying fallow each year. Cow-dung manure is 
also applied to improve fertility. Under this treatment,
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t h e  n u r s e r y  a t  Hmawbi  h a s  b e e n  u s e d  f o r  o v e r  t e n  y e a r s  w i t h o u t  
a n y  e v i d e n t  l o s s  o f  f e r t i l i t y  ( p e r s o n a l  d i s c u s s i o n  w i t h  
A s s i s t a n t  S i l v i c u l t u r i s t ,  B u r m a ) .
P a r t i a l l y  c r u s h e d  l i m e  was  a p p l i e d  t o  n u r s e r y  b e d s  i n
2
La os  as  w e l l  as  NPK a t  t h e  r a t e  o f  1 0 0 - 2 0 0  gm/m o f  b e d  
( H e n d e r s o n ,  1 9 7 0 a ) .  H e d e g a r t  ( 1 9 7 1 )  f r o m h i s  e x p e r i e n c e  
i n  T h a i l a n d  a l s o  c o n s i d e r e d  t e a k  s e e d l i n g s  may r e a c t  
p o s i t i v e l y  t o  c a l c i u m  c o m b i n e d  w i t h  NPK.
6 . 6  S e e d  s o w i n g
S e e d  s o w i n g  i n  B u r m e s e  n u r s e r i e s  u s u a l l y  c omme nc e s  a t  
t h e  b e g i n n i n g  o f  t h e  r a i n s  ( A p r i l ) . The s e e d s  a r e  e i t h e r  
b r o a d c a s t  o r  s own i n  l i n e s  s p a c e d  15 cm a p a r t .  A f t e r  s o w i n g  
i t  i s  p r e f e r a b l e  t o  r o l l  t h e  b e d s  l i g h t l y  t o  p r e s s  t h e  s e e d  
s l i g h t l y  i n t o  t h e  b e d  b e f o r e  c o v e r i n g  u p .
As a g e n e r a l  r u l e ,  t h e  s o w i n g  d e p t h  f o r  a n y  s p e c i e s  
s h o u l d  a p p r o x i m a t e l y  e q u a l  t h e  d i a m e t e r  o f  t h e  s e e d  ( T a y l o r ,  
1962 ; L e t o u r n e u x ,  195 7) . H o w e v e r ,  i n  t h e  t r o p i c s  w h e r e  
t h e  r a i n f a l l  i s  h e a v y ,  L e t o u r n e u x  s u g g e s t e d  t h e  d e p t h  o f  s o i l  
c o v e r  b e  f r o m  o n e  a n d  a h a l f  t i m e s  t o  t w i c e  t h e  d i a m e t e r  
o f  t h e  s m a l l e s t  s e e d .  G e n e r a l l y ,  a p p r o x i m a t e l y  1 . 0  cm s o i l  
c o v e r  i s  u s e d  i n  m o s t  t e a k  n u r s e r i e s  ( G ä r t n e r ,  1 9 5 6 ;  L e l o u p ,  
1 9 5 7 ;  W h i t e  a n d  C a m e r o n ,  1 9 6 5 ;  Maung G a l e  ( 2 )  a n d  N y u n t  
N a i n g , 196 7 ) .
S o w i n g  d e n s i t y  i s  d e p e n d e n t  u p o n  t h e  g e r m i n a t i o n  
p e r c e n t a g e  o f  t h e  s e e d  l o t  u s e d .  G e n e r a l l y ,  t h e  w e i g h t  o f  
t h e  s e e d  t o  b e  s own p e r  s q u a r e  m e t r e  i s  c a l c u l a t e d  a c c o r d i n g  
t o  t h e  n u m b e r  o f  s e e d s  p e r  k i l o g r a m ,  t h e  u s u a l  r a t e  o f  
g e r m i n a t i o n  f o r  t h e  s p e c i e s  a n d  s i t e ,  a n d  t h e  s p a c i n g  
e n v i s a g e d  ( L e t o u r n e u x ,  1 9 5 7 ) .
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White and Cameron (1965) suggested sowing rates for 
Papua New Guinea should be such as to produce 54-65 seedlings 
per square metre, and they formulated the figures in 
Table 23 as a guide to sowing rates based upon seed viability 
and weight.
The rate of sowing in Burma is 190 seeds per square 
metre aiming at a density of 43-86 seedlings in that area 
(Maung Gale (2) and Nyunt Naing, 1967)). This approximates 
to the 35 per cent germination class of White and Cameron 
(Table 23). The density of seedlings prescribed by White 
and Cameron (185/sq m) thus agrees closely with the Burmese 
pres cription.
Table 23. A guide for determining sowing rate of teak 
in Papua New Guinea [from White and Cameron 
(1965)] based on unit area (sq metre).
Seed/Kg 1544 1654 1764 1874
No . of 
seed sownGe rmination
%
Weight
Cg)
W e i gh t 
Cg)
W e i gh t
Cg)
Weight
(g)
50 84 76 76 69 129
40 ' 107 99 9 1 84 161
35 122 114 107 99 185
30 137 130 122 114 2 15
25 168 153 145 137 258
Despite these attempts to prescribe sowing rates 
the extreme variability of seed germination remains a major 
problem in teak nurseries. Almost invariably a teak nursery 
will exhibit considerable stocking variations (section 5.3).
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Therefore, development of reliable and even seed germination 
is a much more important factor than sowing rate.
6.7 Weed and disease
6.7.1 Weed
Weed is a major problem in nursery work, for weed 
growth inhibits the growth and development of the seedling 
stock. It is a basic principle of nursery management that 
nurseries should be kept as free as possible from weed 
growth. In tropical countries weed growth can be very fast 
necessitating regular and intensive weeding. Care during 
nursery establishment eases the later problem, for a good 
initial burning after felling and uprooting is believed to 
severely restrict weed growth. Once the nursery is 
established, the usual practice in most tropical countries 
is to weed manually, but weedicides are also being tried 
(Iyamabo, 1967)
The basic principles of weedicide application have 
been developed in temperate nurseries. Weedicides may be 
applied either before or after seedling emergence. For 
example, kerosene can be sprayed before the seedlings emerge 
from the soil (Aldhous, 1967; Brown and Hall, 1968). It 
should be sprayed while the weeds are small and hot days are 
known to give the best kill (Brown and Hall, 1968). 
Weedicides used successfully both as pre- and post-emergent 
sprays in Pinus radiat a nurseries include propazine at 1.1 
kilogram of active ingredient per hectare and artrazine at 
2.2 kilograms of active ingredient per hectare (Brown and 
Hall, 1968) . Brown and Hall however considered trials under
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l i  f  f  : f : f f  £<e r e n  t  c o n d i t i o n s  s h o u l d  be  c o n d u c t e d  b e f o r e  a n y  w e e d i c i d e  
-S ] ] ^ p r e s c r i b e d  f o r  u s e ,  a s  t h e  e f f e c t  v a r i e s  w i t h  t h e  s p e c i e s ,  
i n d d  d d w i t h  v a r i a t i o n s  i n  a i r  t e m p e r a t u r e  and  h u m i d i t y ,  s o i l  
noi  i : i : i £ s  t u r e  a n d  t e x t u r e ,  a n d  s e e d l i n g  h e a l t h .  T h i s  i s  
3sp ptpcpee <ci a l  l y  i m p o r t a n t  f o r  t h e  p o s t - e m e r g e n t  w e e d i c i d e s  as  
t h e e  e e  s e e d l i n g s  can  b e  g r e a t l y  a f f e c t e d .
The  a u t h o r  f e e l s  t h e r e  i s  a s t r o n g  p r o b a b i l i t y  t h a t  
,vee e i e i e c d i c i d e s  c a n  b e  s u c c e s s f u l l y  a p p l i e d  i n  t e a k  n u r s e r i e s .  
F o r r r r  e x a m p l e ,  i n  P a p u a  New G u i n e a ,  w e e d s  w e r e  c o n t r o l l e d  b y  
s p r  r ; r ; r £ a y i n g  w i t h  w h i t e  s p i r i t  ( o n e  l i t r e  t o  33 s q  m) a f ew 
dayy^y . ys s  b e f o r e  s o w i n g  CWhi t e  a n d  C a m e r o n ,  1965)  . More e x t e n s i v e  
u s e e i e c e c d  s h o u l d  b e  c o n s i d e r e d .
6 . 7 . 2  P i s e  a s e
No d i s e a s e  o f  i m p o r t a n c e  h a s  b e e n  f o u n d  i n  t e a k  
n u r  r i r r s s e r i e s  i n  Bu r ma ,  T r i n i d a d  o r  P a p u a  New G u i n e a  ( Ke r mo d e  ,
196 6'6f>44~ W h i t e  and  C a m e r o n ,  1965 ; P a w s e y ,  1970)  . T h i s  i s  
p o s  s ;s s  ss i b  l y  due  t o  t h e  w i d e s p r e a d  u s e  o f  t e m p o r a r y  n u r s e r i e s  i n  
t h e e i e ^ e s s e  c o u n t r i e s ,  f o r  wh e n  s i t e s  a r e  u s e d  f o r  o n l y  a s h o r t  
p e r m i i o d  a b u i l d  up o f  p a t h o g e n s  i s  u n l i k e l y .
I n  Bu r ma ,  b a c t e r i a l  w i l t  o f  t e a k  s e e d l i n g s  c a u s e d  by  
P s e  e i e i e u i d o mo n a s  s p p .  was  r e p o r t e d  t o  e x i s t  i n  t h e  Hmawbi  
p e r  r i r i r m a n e n t  n u r s e r y  ( Do o ,  1967  , 1 9 6 8 ) .  T h i s  d i s e a s e ,  h o w e v e r ,  
was  s s s  n o t  w i d e s p r e a d ,  a n d  Doo c o n s i d e r e d  i t  c o u l d  b e  p r e v e n t e d  
by  : : i i m p r o v i n g  s o i l  f e r t i l i t y .
The o n l y  s e r i o u s  t e a k  n u r s e r y  d i s e a s e  was  c a u s e d  by  
H e l  1 : 1 1 ii  c ob as  i d i u m  comp a c t u m  B o e d i j u  i n  T a n z a n i a  ( Wood,  1967)  .
T h i  i i i d s i  d i s e a s e  c a u s e s  r o o t  r o t ,  a n d  c a n  be  r e c o g n i s e d  by a 
p u r  r j rprp)  1 e v e l v e t y  c u s h i o n  o f  f u n g a l  t i s s u e  a t  t h e  b a s e  o f  t h e
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stem. Losses were heavy at low fertility sites that had 
been used for seven years. The condition however was 
reported to have improved drastically when the nursery was 
moved to a new site.
Damping off caused by Phytophthora spp. has also been 
recorded in Papua New Guinea in areas where the soil was 
too moist. This was controlled by spraying with a solution 
of 85.1 gm of copper oxychloride to 18.1 litres of water, 
or by allowing the soil to partially dry out (White and 
Cameron, 1965) .
It appears that most of the diseases in teak nurseries 
develop due to either low fertility or to too moist a 
soil condition. Thus, if these two conditions are 
controlled, disease in teak nurseries can be largely prevented. 
One simple way to avoid problems is to change the nursery 
site frequently, and temporary nurseries can be expected to 
be healthier than permanent nurseries.
6.8 Lifting and stump preparation
Teak seedlings (normally one year old) are lifted for 
planting at the beginning of the rains in May. The stumps 
for planting are prepared by cutting off and discarding 
the stem at about 2.5 cm above the collar. The tap roots 
are cut approximately 10-20 cm below the collar, using a 
sharp knife to get a clean cut.
Stumps with one to two centimetres diameter at the 
collar are considered the best size (Anon, 1956b;
Venkataramany, 1956; Anon, 1963; Kermode, 1964). Experiments 
in the Hoshangabad division, India, showed as stump size 
increased from the 0.8-1.0 cm class to the 1.8-2.0 cm class,
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t h e r e  was  an  i n c r e a s e  i n  s u r v i v a l  p e r c e n t a g e  ( 76  p e r  c e n t  
t o  91 p e r  c e n t )  o f  o u t p l a n t e d  s t u m p s  a n d  a l s o  i n  t h e  mean 
h e i g h t s  ( 7 4  cm t o  128 cm) a f t e r  18 m o n t h s  ( An o n ,  194 5 )  .
T h i s  wo r k  was s u p p o r t e d  by a n o t h e r  e x p e r i m e n t  i n  R o n d o ,  
T a n g a n y i k a  ( A n o n ,  1 9 6 3 ) .  T h i s  d e m o n s t r a t e d  t h a t  an i n c r e a s e  
i n  s t u m p  d i a m e t e r  up t o  2 . 5  cm a t  t h e  r o o t  c o l l a r  g a v e  
p r o g r e s s i v e l y  mo r e  r a p i d  s p r o u t i n g ,  h i g h e r  s u r v i v a l ,  and  
b e t t e r  f i r s t  y e a r  h e i g h t  g r o w t h .  H o w e v e r ,  t h e  p r o p o r t i o n  o f  
m u l t i p l e  l e a d e r s ,  an u n d e s i r a b l e  f e a t u r e ,  a l s o  i n c r e a s e d  w i t h  
s t u m p  s i z e  ( T a b l e  2 4 ) .  T h i s  r e p o r t  c o n s i d e r e d  a s t u m p  s i z e  
o f  1 . 3 - 1 . 9  cm t o  b e  t h e  b e s t  a s  i t  g a v e  t h e  b e s t  c o m b i n a t i o n  
o f  t h e  h i g h  d e s i r a b l e  f e a t u r e s  a n d  an a c c e p t a b l e  l e v e l  o f  
t r e e s  w i t h  m u l t i p l e  l e a d e r s .
6 . 9  S t o r a g e  a nd  t r a n s p o r t  o f  s t u m p s
S t a a g e  a n d  t r a n s p o r t  o f  t e a k  s t u m p s  c a n  b e  p a r t i c u l a r l y  
i m p o r t a n t  when t h e  s u p p l y  i s  f r o m  a c e n t r a l i z e d  p e r m a n e n t  
n u r s e r y .  P r e s e n t  i n d i c a t i o n s  a r e  t h a t  s t o r a g e  and  t r a n s ­
p o r t a t i o n  o v e r  a p e r i o d  o f  t wo  w e e k s  do n o t  a f f e c t  s u r v i v a l  
o f  t e a k  s t u m p s  when  p l a n t e d .
V e n k a t a r a m a n y  ( 1 9 5 6 )  c l a i m e d  t e a k  s t u m s  c o u l d  b e  s a f e l y  
s t o r e d  f o r  t wo  t o  t h r e e  w e e k s .  E x p e r i m e n t s  by  Maung G a l e  ( 2 )  
a n d  Soe  T i n t  ( 1 9 6 9 )  i n  Bur ma  s u p p o r t e d  t h i s ,  b u t  i n d i c a t e d  
a m a r k e d  d e c l i n e  i n  v i a b i l i t y  i n  s t u m p s  s t o r e d  f o u r  w e e k s  o r  
m o r e .  Maung G a l e  ( 2 )  a n d  S o e  T i n t  f o u n d  t h a t  t e a k  s t u m p s  p u t  
i n  a g u n n y  b a g  i n  t h e  s h a d e  c a n  s t a n d  s t o r a g e  f o r  14 d a y s  
w i t h  no  w a t e r i n g ,  w i t h o u t  a f f e c t i n g  s u r v i v a l  p e r c e n t a g e  
s i g n i f i c a n t l y .  H o w e v e r ,  s t u m p s  s t o r e d  f o r  21 d a y s  t e n d e d  t o
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h a v e  a l o w e r  v i a b i l i t y  ( 71  p e r  c e n t )  t h a n  t h o s e  s t o r e d  f o r  
14 d a y s  ( 82  p e r  c e n t ) , a n d  t h e  s u r v i v a l  p e r c e n t a g e  o f  t h o s e  
s t o r e d  f o r  31 d a y s  (55  p e r  c e n t )  was s i g n i f i c a n t l y  p o o r e r .  
S i m i l a r l y ,  i n  T h a i l a n d ,  s t u m p s  s t o r e d  f o r  36 d a y s  g a v e  v e r y  
p o o r  s u r v i v a l  f i g u r e s  ( 1 4  p e r  c e n t )  ( H e d e g a r t ,  1 9 7 1 ) .
An e x p e r i m e n t  i n  I n d i a  d e m o n s t r a t e d  t h e  s u c c e s s f u l  
t r a n s p o r t a t i o n  o f  t e a k  s t u m p s  by  r a i l  a n d  r o a d  f o r  p e r i o d s  
up t o  t wo  we e k s  o v e r  d i s t a n c e s  up t o  1600 k i l o m e t r e s  
( V e n k a t a r a m a n y , 1 9 5 6 ) .  C l e a r l y ,  t h e r e f o r e ,  t e a k  s t u m p s  c a n  
s a f e l y  b e  t r a n s p o r t e d  f o r  p e r i o d s  o f  t wo  w e e k s  w i t h o u t  
d e t e r i o r a t i o n  i n  s u r v i v a l  f o l l o w i n g  o u t p l a n t i n g .
6 . 1 0  Di s  c u s s  i o n
The  m a j o r  p r o b l e m  i n  t e a k  n u r s e r y  e s t a b l i s h m e n t  a p p e a r s  
t o  b e  t h e  t y p e  o f  n u r s e r y  t o  b e  u s e d .  I n  a t e m p o r a r y  n u r s e r y  
t h e  q u a n t i t y  a n d  q u a l i t y  o f  s e e d l i n g s  i s  n o t  r e l i a b l e ,  
w h i l s t  e s t a b l i s h m e n t  o f  a p e r m a n e n t  n u r s e r y  p o s e s  m a j o r  
p r o b l e m s  i n  t h e  m a i n t e n a n c e  o f  s o i l  f e r t i l i t y .  T e m p o r a r y  
n u r s e r i e s  b a c k e d  up b y  a f ew p e r m a n e n t  n u r s e r i e s ,  as  i s  t h e  
p r a c t i c e  i n  Bu r ma ,  w o u l d  be  m o s t  s u i t a b l e  i f  s c a t t e r e d  s m a l l  
a r e a s  a r e  t o  be  r e g e n e r a t e d .  H o w e v e r ,  i f  c o n c e n t r a t e d  
r e g e n e r a t i o n  o f  a l a r g e  a r e a  i s  a n t i c i p a t e d ,  t h e n  t h e  e s t a b l i s h ­
me n t  o f  a l a r g e  n u r s e r y  may be  e s s e n t i a l .  I n  t h i s  c a s e ,  m o s t  
c a r e f u l  c o n s i d e r a t i o n  w i l l  n e e d  t o  be  g i v e n  t o  t h e  r o t a t i o n a l  
u s e  o f  t h e  n u r s e r y  a r e a  a n d  t h e  a p p l i c a t i o n  o f  s u i t a b l e  
f e r t i l i z e r s .  An a l t e r n a t i v e  m e t h o d  c o u l d  be  t h e  e s t a b l i s h m e n t  
o f  a s e m i - p e r m a n e n t  n u r s e r y  w h i c h  c o u l d  be  e a s i l y  move d  t o  
a n o t h e r  a r e a  e v e r y  s i x  t o  s e v e n  y e a r s .  Th e  e c o n o m i c s  o f  t h i s  
p r o c e d u r e  may be  d o u b t f u l .
8-2
Considerable research into stimulation of seed germina­
tion is needed. The experiments detailed in sections 5.5 and 
5.6 and the generally sporadic germination recorded for all 
sowings indicate the magnitude of this problem. Stocking 
variability in teak nurseries will therefore remain a major 
problem until uniformity of germination is improved. Once 
this is done, some variation of sowing rates in order to vary 
quality and quantity of seedlings can be considered.
The knowledge of the use of weedicides and fungicides 
in teak nurseries is still very scanty and more research is 
needed. However, it appears that so long as the soil is not 
too moist, and the fertility satisfactory, teak nurseries can 
be free from serious disease.
There is clearly no problem so far as storage and 
transportation of the stumps are concerned provided the period 
between lifting and planting does not exceed 14 days.
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CHAPTER VII
FIELD ESTABLISHMENT TECHNIQUE
7.1 Field Establishment
The taungya method has been commonly used for the 
establishment of teak plantations in Burma and most tropical 
countries (Brooks, 1941; Krishnaswamy, 1951; Haig, et al., 
1958; Kermode, 1964). It is a cheap and convenient method 
of establishment, benefiting both forestry and agriculture 
with young forest tree seedlings and agricultural crops 
growing in a mixture. The method is particularly useful 
in countries with high population pressure. The taungya 
method however, might not be successful for large scale 
plantation establishment, or in countries where the demand 
for land is low. In this case, mechanization of the whole 
operation would be desirable.
7.2 Taungya method as practised in Burma
The taungya method is a combination of forestry and 
agriculture. The area selected for taungya plantation is 
divided and allotted to the cultivators (known locally as 
'ya’ cutters) for felling. In January or February the 'ya' 
cutters clear-fell the area allotted which has usually 
already been heavily cut over, and leave the debris to dry 
for about two and a half months. All operations subsequent 
to fellings are supervised by the forestry department. 
Broadcast burning is carried out before the first light 
shower in April. Any unburnt debris is collected, piled 
up and burnt again, and this is known as 'kyunkwe' in Burma.
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Staking by bamboo stakes at 1.8 m x 1.8 m is done after the 
area has been properly burnt, and teak stumps are planted 
at each stake by the 'ya' cutters. After planting the
stumps, the 'ya' cutters are allowed to plant their agri­
cultural crop between the stakes and they tend and weed the 
teak seedlings whilst tending and weeding their agricultural 
crop. A typical working schedule in Burma;/ as given by 
Kermode (1964) is shown below.
(1) Area allotment to the 'ya* cutters 15th December
(2) 'Ya' cutting and fire protection 27th Dec.-25th Feb.
(3) Burning 3rd April
(4) Kyunkwe 6th April
(5) Staking 12th April
(6) Stump planting 15th May
(7) 3-weedings 1st and 2nd Year
(8) 2-weedings 3rd Year
(9) 1-weeding 4th Year
Weeding in the 2nd, 3rd and 4th years is carried out by 
the forest department with hired labourers.
A survival count is made in the first December after 
planting, and the ’ya' cutters are given a bonus for each 
plant surviving according to the rates given in Table 25. 
No bonus is given to the ’ya* cutter if the survival 
percentage in his plot is less than 50 per cent and the 
bonus is thus an incentive to the 'ya' cutters to tend and 
look after the plants properly.
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Table 25. Current bonus rates as prescribed by 
the forest department in Burma.
Survival % Rates/plant Earnings/hectare
(Kyats) (Kyats)
50-59 0.04 65 . 7860-69 0.05 97.16
70-79 0.06 134.5580-89 0.08 203.3290-99 0.09 255.66100 0.10 299 .00
The taungya system is well proven economically. Even 
after giving the bonus, there is a saving of Ks. 130.97 
per hectare or 20 per cent, when the plantation establish­
ment is effected by the taungya method rather than by the 
use of hired labourers (Table 26). This method of 
establishment had proved better economically in India and 
Congo. During the study tour in India in 1962, the author 
has noted that in Kerala State where land is very valuable, 
areas had to be allotted to the 'ya' cutters by means of 
auction, and the forest department, instead of incurring 
expenditure, earned revenue in establishing teak plantations. 
Similarly in Congo where Terminalia superba was raised in 
mixture with bananas under this system, the government made 
a profit in establishing the plantation after collecting 
land rent from the ?ya' cutters for five years (Dawkins,
1955) .
However, it is becoming increasingly difficult to 
recruit 'ya' cutters in Burma as they are more interested in 
other much better paying and less responsible work. Areas
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selected for regeneration have frequently to be regenerated 
partly by the taungya method and partly by hired labourers. 
The need for hired labour is likely to be increasingly 
important in the future, but such labour is now difficult 
to recruit in the greater part of the country. Thus, 
where topographical features permit, mechanization of the 
whole operation may be preferable. However, in order to 
utilize a mechanical unit effectively and economically, 
regeneration work will have to be concentrated into large 
units.
Table 26. Comparison of cost of establishment (per 
hectare) by the Departmental and Taungya
method.
(Office of the Director of Forests,Burma)
Work Departmental
(Kyats)
Taungya 
(Kyats)
1. Fire protection and 'ya1 cutting 148.27 —
2 . Kyunkwe 74.13
3 . Bamboo stake 49.42 49 .42
4 . Staking 24.71
5 . Seedling cost 37.07 37.07 
202.63 16 . Planting charges 19.77
7 . 3-weedings 66.72
8 . Fire protection 19 .77 19 .77
9 . Temporary building 14.83 14.83
Total for the 1st year 454.69 323.72
10 .Weeding and fire protection -
2nd year 86.49 86.49
11 .Weeding and fire protection -
3rd year 64.25 64.25
12 .Weeding and fire protection -
4th year 42.01 42.01
13 .Fire protection - 5th year 19 .77 19.77
Total cost of establishment 667.21 536.24
(1) Bonus to *ya? 
survival.
cutters calculated at 85 per cent
Kyat 1 = $ (A) 0.15
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7.3 Site preparation for large scale plantation
es tab 1 ishment
The author has been unable to find a description of 
the establishment procedure for a large scale teak plantar 
tion. However, site preparation procedures for most species 
have similar procedures but do vary little, and thus a 
general review of large scale site preparation is presented.
For large scale site preparation, mechanical clearing 
is the most efficient, so long as the topography is suitable 
(Stuart-Smith, 1967). The methods used will depend upon 
the size of vegetation to be cleared. Normally, chain saw 
is used on big trees (over 76 cm diameter) (Brown and Hall, 
1968). However, most of the areas to be cleared for teak 
plantations in Burma are heavily extracted areas, and very 
seldom contain large trees.
The most widely applied mechanical method of clearing 
is to run two heavy tractors into the area with a chain or 
cable between them (Allan, 1967; Stuart-Smith, 1967; Brown
and Hall, 1968). The tractors used should be powerful 
enough for the job, as costs increase greatly if the tractors 
do not have sufficient power (Brown and Hall, 1968). In 
Zambia, three standard caterpillar D7 tractors were used as 
the land clearing unit. Two of these pulled an anchor chain 
9 - 15 metres apart, while the third one was used to assist 
in pushing down big trees (Allan, 1967).
The fallen trees are either pushed into heaps or lines 
(windrowed) to aid burning. Windrowing also facilitates 
mechanical tending, thinning and extraction, as it allows
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paths for machines or vehicles to be driven through.
However, on the other hand, if the fallen trees are burnt 
broadcast, the top soil will be less disturbed, and the 
nutrient contained in the fallen vegetation would be 
better distributed (Brown and Hall, 1968). Thus, if the 
site selected consisted only of small pole size regrowth 
which can easily be burnt and leave the area clear, 
broadcast burning is preferable.
7.4 Planting
Tree seedlings can be planted either by hand or by 
machine. Teak is normally planted by hand. Planting of 
teak stumps can be very simple and inexpensive. Digging 
of planting holes is not needed. Normally a hole is made 
with a dibble of size slightly bigger than the biggest 
stump, and the stump is inserted into the hole with 2.5 cm 
of the stem portion above ground level. The soil around 
the hole is then pushed towards the stump with the dibble 
so that there is no air space between the root and the soil. 
This is very important because space between the root of the 
stump and the soil collects water and consequently leads to 
root rot .
Information on mechanical planting of teak is so far 
not available. However, planting machines have been used 
successfully in planting other bare rooted tree seedlings 
(Stuart-Smith, 1967). In Victoria (Traralgon), Australia, 
planting machines are used by A.P.M. for planting Pinus
radiata D.Don. (field studies and personal communication
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with A.P.M. forest officer of the district). The machine 
was capable of planting at the rate of five miles per hour 
and at the cost of $30 per hectare at 2.1m x 2.1m spacing. 
Planting machines, if properly adjusted can give better 
survival as there is less root distortion, and faster 
rate of planting (10,000-12,000 plants per machine per 
day) than hand planting (Stuart-Smith, 1967). Stuart- 
Smith considered that machine planting can be economical 
only if used over large areas and moreover, they are 
limited by topography and vegetation.
From work point of view, the use of machines for 
planting teak stumps could be most suitable, as there is 
neither leaf nor lateral root on the stump. This will 
facilitate easier and more regular flow in the machine and 
therefore less liable to damage to the planting stock. 
Moreover, the operation of staking also will be eliminated 
as spacing can be set on the machine.
However, machine planting can be expensive as compared 
to hand planting, especially in Burma where labour is cheap. 
Hand planting together with the cost of staking in Burma 
costs $6.70 per hectare (personal communication, Office of 
the Director of Forests) whereas, machine planting in 
Australia costs $30 per hectare. Although direct comparison 
is not valid due to the differences in standard of living 
and labour cost, the difference in the cost of machine 
planting should not be very great as only one person is 
involved in operating the machine. Thus the comparison of 
the cost of hand planting in Burma and machine planting in
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Australia should give a good indication of the difference 
in planting cost between the two methods. However, 
machine planting could be the best way of solving the 
labour problem if acquirement of labourers should become 
limited in large scale planting programmes.
7.5 Weeding
Weeding is done either manually or by mechanical or 
chemical means. In the tropics, weeding is generally 
carried out manually. However, recently, mechanical 
weeding has been widely used in Africa (Groulez, 1967;
Allan, 1967; Endean, 1967).
Mechanized weeding is effected either by mechanical 
slashing or mechanical cultivation. At the A.P.M. forests 
in Victoria, Australia, rotary slashers were used between 
the rows. This method of weeding requires very accurate 
spacing, and should be done early before the weeds grow 
too large to avoid excessive damage to the equipment. 
Mechanical cultivation is however more effective than 
slashing as the weeds were usually uprooted. Normally, 
mechanical cultivation is carried out with medium or light 
tractor with a disc harrow designed for use between the rows.
The present trend is to use the less expensive method 
of weeding by using weedicide or arboricide. To the 
author's knowledge, such chemical weed control in teak 
plantations is still unknown except for one trial of-a 
2,4-D and 2,4,5-T mixture in the clonal teak orchard in 
Trinidad (Murray, 1967). The procedure and mixture used
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were based on those successfully used in pine plantations. 
The results were disastrous, as when flushing began, 
several unusual symptoms, such as longitudinal splitting 
of bark, bark peelingoff, swollen leading shoot, collapse 
of apical bud, death of leading shoot, and deformed leaf, 
were observed. This culminated in the death of many 
individual trees. Thus, if is most important to determine 
the correct type of weedicide or arboricide and the correct 
time and method of application for a particular species, as 
the effect varies with species.
7.6 Use of fertilizer in the field
Generally, the question of applying fertilizer arises 
only when the site available is not fertile enough for the 
species to be planted. It has been found that application 
of fertilizer at the time of planting is effective only 
where there is a serious deficiency of one or more elements 
in the soil (Stuart-Smith, 1967). However, some species
e.g. eucalyptus, can achieve additional growth even where 
the soil fertility was already high (Pryor, 1967). Soils 
of the coastal lowlands used for exotic pine plantations 
in Queensland were deficient in phosphate (Hawkins and Muir, 
1968). This was checked by applying Nauru rock phosphate, 
which gave a very good response.
Applications of fertilizer to teak in plantations have 
not proved beneficial (Ventkataramany, 1956; Briscoe and 
Ybarra-Coronado, 1971). Briscoe and Ybarra-Coronado in
Puerto Rico, treated a three to sixteen year old teak
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plantation under 17 different combinations of ammonium 
sulphate, superphosphate, potassium sulphate, limestone, 
and magnesium sulphate. The object was to study the 
effect of nitrogen, phosphorus, potassium, calcium and 
magnesium on growth of teak. To facilitate the compari­
son, all the plots, including one control plot were 
thinned to prevent intense competition obscuring treatment 
effects. Although phosphorus and potassium increased the 
growth rate of teak significantly, it was also noticed that 
the effect of the thinning on the increment in basal area 
was more marked (51 per cent superior than the unthinned) 
that the effect of fertilizer (53 per cent superior than 
the unthinned). Thus, when the effect of thinning (51 
per cent) was removed, the effect of fertilizer appeared to 
be comparatively very small. Similarly, work carried out 
in India also indicated that although teak will respond to 
fertilizer, it was rather doubtful whether it will be 
economically sound to apply fertilizer in teak plantations 
(Venkataramany, 1956). Thus, unless the site available is
not sufficiently fertile for the species the application of 
fertilizer in teak plantations may not be necessary.
7.7 Pis cus sion
Careful examination of the processes for establishment 
of teak plantation is needed. The taungya method of 
regeneration is most suitable in countries where population 
is great and the demand for land is high.
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The taungya method however may prove inadequate 
for large areas. In this case planting by paid labour 
will be necessary with consideration being given to 
machine planting. This type of planting should be parti­
cularly suitable for teak. Moreover, if mechanized 
extraction is also desired, a change to mechanized 
regeneration appears inevitable.
How far the other operations of site preparation 
for planting, tending, thinning, and extraction can be 
mechanized remains to be determined. There will be no 
problem where the area to be planted is flat or has a 
gentle slope, but in places with steep topography, uses 
of tractors and other mechanical operations will be limited. 
Such areas may have little use for plantation forestry.
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CHAPTER VIII
METHODS OF MANIPULATING THE QUALITY AND 
QUANTITY OF TEAK TIMBER IN PLANTATION
8^ 1 General
Teak plantations in Burma have been established more 
for quantity than quality. To date, little attention has 
been paid to the quality of timber to be produced by a 
plantation. However, as already noted (section 1.3), the 
success of teak grown in plantations in many tropical 
countries could pose a serious threat to the Burmese teak 
markets in the future. To maintain Burma’s position as 
leader in the world teak market, it is necessary for Burma 
to consider production of high quality teak in plantations, 
rather than concentrate entirely on quantity.
To produce quality teak, the desirable characteristic 
sought by the markets must first be determined. Attempts 
to produce these desirable characteristics may then be 
initiated relying particularly on silvicultural techniques 
and later on tree breeding.
8.2 Desirable characteristics in individual stems of teak
Teak is highly prized in world markets because it is 
both a high quality and an all purpose utility timber (Myint 
Aung, 1967). It is noted as especially suitable for ship 
decking, making door and window frames in construction and 
furniture making CHoward, 1948; Streets, 1962). This 
requires both sawn timber and veneer. Thus, it is desirable
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to establish teak plantations which will produce timber 
with qualities suitable for these dual purposes.
The properties required have been defined by Kedharnath 
and Matthews (1962) , and Rudman ejt aj_. , (1966) . These 
authors considered it important to have teak wood with high 
durability, low shrinkage, straight grain, good strength, 
and good appearance. Reaction wood is therefore undesirable 
as it is associated with abnormally high longitudinal shrink­
age and thus affects both strength and durability.
The general basic density requirements for veneer have 
been defined by Nicholls (1967). The optimum basic density 
for the production of sliced 1.5 mm veneer is 0.40 gm/cc, 
and the basic density range within which satisfactory furni­
ture grade veneer is obtained lies between 0.28 gm/cc to 
0.55 gm/cc. These are very broad limits and timber within 
this range would also be suitable for utility purposes.
Wood strength of teak is known to deteriorate when the 
growth rate is very fast, producing less than two rings per 
cm. (Laurie and Griffith, 1942; Mukerji and Bhattacharya, 
1963). Specimens of fast grown teak Cone ring Per cm) 
examined showed very thin cell wall under these conditions 
CLaurie and Griffith, 1942). The basic density of this 
timber was not specified, but presumably would be outside 
the range suggested by Nicholls.
Teak timber contains a high concentration of quinones 
and related extractives which have both antitermitic and 
and antifungal activities (Rudman e_t_ a_l. , 1966) . Da Costa
et al., (1958) found the termite resistance of the outer
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heartwood was significantly correlated with the average 
extractive content of the heartwood as a whole and also 
that termite resistance of the outer heartwood increased 
with age of the tree. It is therefore desirable to 
produce more heartwood during the later years of a tree’s 
life than during the juvenile stage. This is also impor­
tant from the point of view of improving mechanical 
properties because the core formed during a teak tree’s 
early life is non-durable (Rudman et , 1966).
Wood qualities however are necessarily dependent upon 
the morphological characteristics of the tree. Many authors 
have attempted to relate the timber requirements of a species 
to the type of tree which is desirable in the field (Zobel, 
1964 ; Nicholls, 1967) .
Stem straightness is widely acknowledged as most 
important factor in determining the wood quality. Zobel 
(1964) stated a general improvement in stem straightness of 
trees automatically improves the quality of the wood for any 
use to which it will be put. Similarly, Nicholls (1967) 
concluded that in most tree species, the improvement of stem 
form in terms of straightness, taper, and bole roundness 
confers benefits of great returns of sawnwood and quality 
veneer. Thus, it would be desirable to have trees with 
good form in plantation.
Kedharneth and Matthews (1962) defined the desirable 
characteristics for teak trees as a good growth rate in both 
height and diameter; superior form factor;; straight and 
clean bole free from excessive buttressing, fluting spiral
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grain, and epicormic branches; well developed crown; 
flattened to moderately ascending branches; resistance to 
the leaf defoliator and leaf skeletonizer. Laurie and
Griffith (1942) qualified the need to avoid epicormics.
Short lived epicormics are unlikely to cause serious defects 
in timber and may even improve it by giving some figure or 
ornamental grain. However, Laurie and Griffith agreed that 
persistent epicormics will cause knotty and unclean timber 
and are undesirable.
Cameron (1966) similarly defined the desirable charac­
ters required for individual teak trees to be used in a 
breeding programme for Papua New Guinea as follows
(1) Late flowering type: i.e. flowering does not
occur until the trees are seven to ten years old.
(2) Must show superior rates of diameter and height 
growth.
(3) Branches should be flat, slightly ascending and 
of small diameter.
(4) Branches on merchantable bole should be shed 
rapidly.
(5) Crown should be comparatively narrow with a low 
ratio of crown diameter to stem diameter.
(6) The boles should be free of sweeps and kinks, with 
no fluting and little buttressing.
(7) The bole should taper slowly, and timber grain 
must be straight.
(8) The tree must show a high degree of resistance
to butt rooting fungi.
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(9) Timber must be of superior quality in terms of 
strength, hardiness, shrinkage, termite and fungal resis­
tance, figure and colour.
(10) Production of large viable seed should be regular 
and profuse, though, not at the sacrifice of flowering age.
In Burma and India where the black stripe teak occurs, 
trees with this feature should also be selected for use in 
the tree breeding programme.
The high quality requirement by teak appears to be 
particularly emphasized in these lists of desirable 
qualities. Cameron's statement of the need for the late 
flowering trees to obviate the deformation caused by terminal 
flowering (see Chapter V) appears particularly important.
The importance of avoiding losses due to butt rotting and 
termites also receives strong emphasis. Thus, the qualities 
required in teak trees designed to produce high quality sawn 
timber can now be briefly summarized. Beside the usual 
requirement of stem with good straightness and vigour, 
attention must also be paid to late flowering, branching and 
epicormic production. The basic density of the heartwood 
should be as close to 0.40 gm/cc as possible and within the 
range 0.28 gm/cc to 0.55 gm/cc. The heartwood should have 
a high extractive content. To facilitate this and to avoid 
a large juvenile core, early diameter growth should be slow 
and later growth as fast as possible.
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8.3 Factors affecting expression of the desirable 
characteristics
The morphological characters of individual trees and 
hence the wood qualities are determined by the interaction 
between genetic make up of the trees and the environmental 
conditions under which they develop (Wright et al.,1958; 
Larsen, 1963; Morandini, 1964; Zobel, 1964; Kedharnath, 1967). 
Although both the environment and the genetic constitution 
are largely predetermined, they can be modified by foresters 
either by silvicultural procedures or by tree breeding. 
Silvicultural procedures modify the local micro-environment 
and thus manipulate the growth patterns, the morphology and 
the wood quality of established trees. Tree breeding 
procedures modify the genetic constitution of the trees prior 
to establishment and endeavour to produce trees which will 
perform well and give high quality timber under the local 
conditions. Both these methods can be applied to teak 
plantations. The possible silvicultural procedures are 
discussed below and the possibilities for tree breeding of 
teak are detailed in Cahpter X.
8.4 The effect of silvicultural treatment on wood quality 
Generally, silvicultural operations are primarily
intended to promote the growth rate of the stand. But as 
wood properties are affected by the physical environment, 
silvicultural treatments can also be used to control wood 
quality. With species used for high quality timber, it is 
important therefore that wood quality should also be a major
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silvicultural consideration. Spacing, and thinning regimes, 
and pruning and fertilizing are all knownto affect wood 
qual ity.
8.4.1 Initial spacing
With close initial spacing, trees generally are compelled 
to grow straighter with relatively more foliage on the leaders 
and topmost laterals (Anderson, 1958). This results in trees 
with high crown and clean bole. Closer initial spacing will 
also reduce weed competition. Wide spacing is known to assist 
the development of big and persistent branches low on the bole. 
These generally become absorbed within the wood to form live 
knots, and if these coarse branches die, their bases become 
embedded in the wood, forming peg knots (Anderson, 1958).
In teak plantations in India and Burma, initial spacings 
of 1.4 x 1.4m, 1.8 x 1.8m, 1.8 x 3.7m, 2.7 x 2.7m, and
3.7 x 3.7m have been tried (Laurie and Griffith, 1942).
The spacings wider than 1.8 x 1.8m were tried with the object 
of economizing on the number of teak seedlings, planting costs, 
thinning costs, and also to obtain fast initial growth.
However, the 1.8 x 1.8m spacing was found to be the most
economic when all early weeding and cleaning costs were con­
sidered, as early crown closure reduces weed competition
(Laurie and Griffith, 1942). Teak growing in Tanzania with 
wider spacing than 1.8 x 1.8m was observed to have developed 
coarse branching (Wood. 1967).
As noted above, teak possess a non durable core and the 
termitic resistance of the outer heartwood increases with
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the increasing age of the tree. Both these factors make 
it desirable to have less wood in the early age of teak 
trees, thus, a close initial spacing is desirable. However, 
many countries growing teak in plantation adopt the initial 
spacing of 1.8 x 1.8m (Laurie and Griffith, 1942; Beard,
1943; Kadambi, 1945; Wood, 1967; Persson, 1971). From 
the wood.quality point of view, it is evident that closer 
initial spacing might be desirable. The costs and the 
effects on wood quality of using initial spacings closer 
than 1.8 x 1.8m are therefore worth consideration.
8.4.2 Thinning
Since thinning involves the manipulation of the crown 
of trees, it should also be possible to use as a tool to 
improve wood quality in a stand. According to Larson 
(1963), the size of a tree’s crown in relation to the 
length of the bole determines wood quality. A dominant 
tree with an unusually large and vigorous crown will produce 
relatively wide bands of earlywood, whereas when a dominant 
with a vigorous crown has a relatively long clear bole, the 
band of latewood produced is relatively wider. Also, 
suppressed trees having relatively small crowns usually 
possess higher percentages of latewood and thus have denser 
wood than the larger crowned dominants. Generally, in young 
stands, the increase in crown size of the new dominants after 
thinning is usually followed by increase in the proportion 
of earlywood. In older stands however, both earlywood and 
latewood usually increase simultaneously and uniformly, and 
wood with wider growth rings, but with little or no change in 
quality is obtained (Larson, 1963).
10 2
In a comprehensive study of Eucalyptus regnans Higgs 
(1966) stated that generally, thinning is followed by a 
healthier crown development, expansion of the crown and 
root systems, a more continuous growing season, more light 
and greater water and nutrient supplies. Clearly therefore, 
the development of wider growth rings would be expected after 
thinning. Higgs found the species responded to thinning by 
increasing average fibre length, and average wood density, 
as well as average ring width. He, however, could not find 
any correlation between ring width and fibre length, nor 
ring width with wood density, and he concluded that changes 
in wood properties do not result from changes in diameter 
growth .
Higgs’ findings confirmed earlier work on teak by 
Nair and Mukerji (1957) in India. These authors examined 
naturally grown teak, sampling each tree at several positions. 
The results of their studies are detailed in Table 27.
Clearly, within the range of growth rates sampled, (3.2 - 
7.2 rings per cm), there is no effect on the wood properties 
studied. However, all the specimens assessed had growth 
rates below two rings per cm. Deterioration in wood 
properties might be observed if specimens with growth rates 
greater than two rings per cm should be examined.
Care must be taken to ensure teak stands are not under­
thinned. There is some evidence that teak plantations 
retained in an overstocked condition for a lengthy period 
fail to respond to thinnings. Experience in Burma indicated
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that teak plantation kept underthinned for the first 20 
years did not respond to heavy thinnings (Moore, 1966). 
Underthinned plantations suddenly opened up also generally 
respond by the production of epicormic branches (Laurie 
and Griffith, 1942). Trees which are whippy due to over­
crowding are liable to serious wind damage when suddenly 
opened up. The author has observed wind damage in a 
heavily eroded teak plantation in Pyinmana Division, Burma, 
which was thinned heavier than the normal thinning grade 
only long after it was due. Overstocking in teak planta­
tion also results in the depletion of the undergrowth 
followed by serious soil erosion.
Thus, with teak plantation, it is generally desirable 
to keep the non durable core as small as possible. The 
species should therefore be initially closely spaced and 
then opened up slowly and gradually. A reasonably heavy 
and regular thinning is desirable in the later years to 
give high production of high quality wood. Attempts to 
follow these procedures require considerable expertise in 
silvicultural management. When thinnings are delayed, 
severe problems result. Overstocked or neglected 
plantations may produce severe erosion; if the overstocking 
is severe they may fail to respond to thinning. There is 
a danger of a reduction in wood quality due to epicormic 
production if the heavy thinnings are applied and there is 
also a danger of wind damage in such situations.
Teak plantation management therefore requires great 
care. Silvicultural operations need to be carried out
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regularly and on schedule. Growth, and wood properties, 
can be affected if the required silvicultural operations 
are delayed or overlooked, and soil erosion is a serious 
hazard of overstocked plantations.
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CHAPTER IX
VARIATION IN TREE SPECIES WITH PARTICULAR 
REFERENCE TO TEAK
9 . 1 Nature of variation
9.1.1 Genotype x environment interaction 
Variation in a tree species is due to variations in 
both the genetic make up of the individuals of the species, 
and in the environment (Turesson, 1923; Clausen and Hiesey, 
1958; Heslop-Harrison, 1964; Zobel, 1964; Langlet, 1967).
The expression of every character in a particular species 
is potentially controlled by the genotypic constitution of 
the individuals, whilst the eventual phenotypes produced 
are due to the reaction of the genotypes with the environment, 
(Turesson, 1922a; Burley, 1965). The genetic processes of 
mutation, recombination, and natural selection, change the 
frequency of genes in natural populations and lead to the 
development of variation patterns (Burley, 1965; Squillace, 
1966; Morgenstern, 1969). These react with the environment, 
and genotypes poorly adapted for a particular locality are 
selected against, and eventually disappear. The result is 
a variation from locality to locality in the frequency of 
many characteristics common to individuals of a particular 
species (Burley, 1965; Florence and Malajezuk, 1971).
Langford and Buell (1969) considered the combined action of 
genetic variation and natural selection to be a divisive 
process acting on the variable individuals in a population. 
From this divisive process, more and more discrete units
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emerge from any earlier unit, each adapted more precisely 
for a narrower range of environmental conditions than the 
earlier unit.
The process has been summarized by Dobzhansky (1964),
’The adaptiveness of organisms to their environment 
is striking. The structures, functions and mode 
of life of every species are at least tolerably 
consonant with the demands of its environment.
Every organism is adjusted to occupy and to exploit 
certain habits. But habits vary in space.
Evolution has, accordingly, brought about the 
diversity of allopatric organisms, which inhabit 
different territories which are accessible to an 
individual organism in its wandering during life 
time, or in which sex cells or seeds of an indivi­
dual are dispersed. Adaptation to such local 
diversities of habitats brings about diversity of 
sympatric organisms'.
Movement to different environments may cause previously 
hidden variability to be expressed (Clausen and HieSey, 1958). 
This was demonstrated by Mergen £t_ aj^ . , (1967) us ing seedlings 
of 50 provenances of jack pine (Pinus Banksiana Lamb) to 
study five characters under 12 environmental conditions.
They found whilst a particular environment allowed the 
demonstration of seedling differences in, say, character ’A ’, 
but not in ’B', the situation could be reversed in other 
environments. Similarly, the classic work of Turesson 
( 1922a) on Hieracium umbe11atum from three different habitats 
showed hereditary differences masked by natural habitat 
factors were readily revealed when the types were cultured 
in a uniform environment. Mergen et_ dA_. also noted that 
the geographic variation of jack pine tended to be more 
pronounced under the extreme environmental condition of short 
day 1ength .
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9.1.2 Variation throughout species range
Many tree species occur over a wide range encompassing 
a large number of locally different environments. Such 
species frequently display geographic differences in one 
or more important characteristics. Squillace (1966) in 
his study on slash pine (Pinus el liottii Engelm.) found 
most of the characteristics studied (including seed yield, 
germinabi1ity and speed of germination, total height, stem 
diameter stomatal measurements) showed significant differences 
associated with the geographic source of the material. 
Similarly Luckhoff (1964) found Pinus caribaea from Bahamas, 
Cuba, and Central American main 1 and, formed three well defined 
geographic variants with a distinct latitudinal trend, and 
supported the sub-division of the species into three separate 
taxonomic entities.
Much of the variation in a wide ranging species can 
be attributed directly to climate. Thus, Wright (1962) 
generalized that southern provenance compared to a northern 
provenance of the same species is usually
(i) faster growing
(ii) less susceptible to late spring or early autumn 
frosts
(iii) more susceptible to damage by winter cold
(iv) less apt to show autumn coloration and
(v) capable of growing longer in autumn.
Wright also generalized concerning edaphic factors, noting 
that a moist site population compared to a dry site
population is usually
(1) faster growing
(2) smaller seeded, and
(3) less deeply rooted.
Squillace (1966) in his work on slash pine also found 
that variation among individuals in a population of the 
species is less in the central areas and greatest at the 
extremities of the species range. Squillace believed the 
greater variability of genotypes in the extremities of the 
species range to be due to greater fluctuation of critical 
environmental factors in these regions.
Variation through the species range may be clinal 
(continuous) or ecotypic (discontinuous). Since climatic 
factors change gradually along geographical or altitudinal 
gradients, the resulting variation pattern is normally clinal 
(Critchfie Id, 1957 ; Squillace, 1966 ; Langlet, 1967; Butjenen 
and Stern, 1967). Eldridge (1964, 1966, 1968), working on 
Eucalyptus regnans from Mount Erica, Australia, found exist­
ence of clinal altitudinal variation for the species. Clinal 
latitudinal variation in many characters of slash pine was 
also recorded by Squillace (1966).
However, discontinuous habitats can result in discrete 
populations or ecotypes (Squillace, 1966). The sub-division 
of Pinus caribaea noted above provides a good example of a 
tree species divided by discontinuous variation, in this case 
a result of geographical separation by oceans.
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Pockets of ecotypes may also occur in a great stretch 
of a continuously variable species (Pryor, 1963; Heslop- 
Harrison, 1964). Squillace (1966) considered such a 
combination of both clinal and ecotypic variation can 
result from either past or present isolation.
9.1.3 Causes of variation
Variation in tree species is caused by natural 
selection acting on genotypes. Climatic factors are 
often important natural selection forces, and therefore, 
frequently play an important part in determining the vari­
ation of tree species.
Climate exercises its control on the performance of 
tree species mainly through the agencies of temperature, 
light and water (Callaham, 1962; Treshow, 1970). The 
effects of these climatic factors on the response of tree 
growth and their importance have been demonstrated by many 
research workers in this field (Kramer and Kozlowski, 1960; 
Callaham, 1962 ; Downs, 1962 ; Mergen et_ aj^.,1967; Slee, 1968; 
Eldridge, 1969; Morgenstern, 1969a, 1969b).
Temperature: Temperature controls the rate of all growth
processes and sometimes also influences growth period (Kramer 
and Kozlowski, 1960; Callaham, 1962). This is effected 
through its influence on physiological activities by 
controlling chemical reactions (Treshow, 1970). Tree species 
normally can grow under wide temperature range, but have 
limits above and below which the physiological functions cease, 
and also an optimum temperature range within which the plant
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g r o w s  b e s t  ( C a l l a h a m ,  1 9 6 2 ;  T r e s h o w ,  1 9 7 0 ) .  Gr o wt h  
d e c r e a s e s  a s  t h e  t e m p e r a t u r e  i s  v a r i e d  f r o m  t h e  o p t i m u m ,  
a n d  c o m p l e t e l y  c e a s e s  when  v a r i e d  b e y o n d  i t s  e x t r e m e  l i m i t s .  
R e s p o n s e  t o  t e m p e r a t u r e  v a r i a t i o n  h o w e v e r  v a r i e s  w i t h  
s p e c i e s  a n d  w i t h  p r o v e n a n c e  ( K r a m e r  a n d  K o z l o w s k i ,  1 9 6 0 ;  
C a l l a h a m ,  1 9 6 2 ) .  K r a me r  a n d  K o z l o w s k i  ( 1 9 6 0 )  b e l i e v e d  
t h a t  s p e c i e s  a r e  a r r a n g e d  i n  a l t i t u d i n a l  a n d  l a t i t u d i n a l  
z o n e s , w i t h  t h e  i n d i v i d u a l s  w i t h i n  e a c h  z o n e  c l o s e l y  a d a p t e d  
t o  t h e  t e m p e r a t u r e  r e g i m e s  o f  t h e  z o n e .  C a l l a h a m ,  w o r k i n g  
on p o n d e r o s a  p i n e  f r o m  t h r e e  p r o v e n a n c e s  f o u n d  t h e  f i r s t  
p r o v e n a n c e  r e q u i r e d  h i g h  t e m p e r a t u r e s  f o r  g o o d  g r o w t h ,  t h e  
s e c o n d  c o l d  d a y s  a n d  h o t  n i g h t s ,  w h i l s t  t h e  t h i r d  g r ew 
r e a s o n a b l y  w e l l  a t  l o w e r  n i g h t  t e m p e r a t u r e s .
T e m p e r a t u r e  t h e r e f o r e  p l a y s  a m o s t  i m p o r t a n t  p a r t  i n  
d e t e r m i n i n g  t h e  p a t t e r n  o f  g r o w t h  a n d  d i s t r i b u t i o n  o f  t r e e  
s p e c i e s  .
L i g h t : L i g h t  i s  a n o t h e r  i m p o r t a n t  f a c t o r  o f  t h e  c l i m a t e ,
t h e  d u r a t i o n ,  i n t e n s i t y  a n d  q u a l i t y  o f  w h i c h  d e t e r m i n e  p l a n t  
g r o w t h  ( K r a m e r  and  K o z l o w s k i ,  1 9 6 0 ;  C a l l a h a m ,  1 9 6 2 ;  T r e s h o w ,  
1 9 7 0 ) .  L i g h t  e n e r g y  r a d i a t i o n  w i t h  wa v e  l e n g t h s  400 -  760 
my i s  r e q u i r e d  d i r e c t l y  t o  s u s t a i n  g r o w t h  o f  a l l  g r e e n  
p l a n t s  ( T r e s h o w ,  1 9 7 0 ) .  L i g h t  i n t e n s i t y  i n f l u e n c e s  t r e e  
g r o w t h  t h r o u g h  a d i r e c t  e f f e c t  on p h o t o s y n t h e s i s ,  s t o m a t a l  
o p e n i n g  a n d  c h l o r o p h y l l  s y n t h e s i s .  N a t u r a l  v a r i a t i o n s  i n  
q u a l i t y  o r  w a v e - l e n g t h  o f  l i g h t  a r e  g e n e r a l l y  t o o  s m a l l  t o  
b e  o f  a n y  p h y s i o l o g i c a l  i m p o r t a n c e  ( K r a m e r  a n d  K o z l o w s k i ,
1 9 6 0 )  .
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The duration of the light period (photoperiod) is known 
to be of importance (Kramer and Kozlowski, 1960). Photo­
period has been shown to influence flowering, cambial 
activity, internode elongation, dormancy and other plant 
developmental processes (Kramer and Kozlowski, 1960; 
Callaham, 1962 ; Downs, 1962 ; Treshow, 1970) . Under experi­
mental conditions, Downs recorded larch and many southern 
pines stop growth at 12 hours or less of photoperiod, sitka 
spruce (Picea sitchensis [Bong.] Carr) at 14 hours or less, 
and Norway spruce (Picea abies [ L . ] Karst.) and white spruce 
(Picea glauca [Moench.] Voss) at 16 hours or less.
Water: Water also has a strong influence on plant develop­
ment. In plants water maintains cell turgidity, provides 
a substrate and medium for chemical reactions and transport 
of mineral ions (Treshow, 1970). Treshow (1970) also 
believed that when transpired from leaves, water acted to 
maintain the plant at a temperature suitable for metabolic 
reactions. The internal water balance of a plant is 
determined by the relative rates of absorption and trans­
piration, and is thus controlled by both the soil and 
atmospheric moisture conditions (Kramer and Koz1owski , 1960) . 
Water requirement varies with species. For some species 
suggestions as to detailed water requirements have been 
postulated. For example, Pinus elliottii is thought to 
require at least 250 mm rainfall in early spring. Growth 
of the species declines in areas without such a rainfall 
regime (Squillace and Kraus, 1959; Slee, 1968). Similarly,
the requirement of a definite dry season for normal teak
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growth (sub-section 4.2.1) indicates the need of the 
species for a particular moisture regime.
9.1.4 The importance of variation to forestry
Variation in tree species assumes considerable 
importance in the establishment of plantations. If one 
geographic locality (provenance) gives timber of superior 
quality or size than others, then clearly the material 
should be used if possible. Determination of the most 
suitable provenance is not a simple or quick procedure.
It is first necessary to establish the existence of varia­
tion in important characters in the species concerned, and 
secondly to determine which seed source is the best consider­
ing all possible combinations of desirable characters.
This may be done by a provenance trial in which material 
from all possible localities is grown and compared in various 
plantation areas. The value of such a provenance trial is 
undisputed, but the process is lengthy. To save time seed 
is frequently collected from an environment more or less 
homologous to that in which the plantation will be established, 
on the assuumption that this will provide the best-adapted 
material. It would facilitate such environmental matching 
if the major factors controlling variation within a particular 
species could be isolated. Such studies certainly require 
controlled environment facilities and may need to be done in 
considerable detail to enable extrapolation from the labora­
tory to the field.
Some provenance studies of teak have been established
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i n  t h e  f i e l d , b u t  t h e  f a c t o r s  d e t e r m i n i n g  t h e  v a r i a t i o n  
w i t h i n  t h e  s p e c i e s  a r e  u n k n o w n .  C o n s e q u e n t l y ,  a f t e r  r e v i e w ­
i n g  t h e  s t u d i e s  o f  v a r i a t i o n  i n  t h e  s p e c i e s ,  i t  was  d e c i d e d  
t o  i n i t i a t e  some p r e l i m i n a r y  s t u d i e s  o f  t h e  m a j o r  c l i m a t i c  
f a c t o r s  a f f e c t i n g  s e e d l i n g  v a r i a t i o n  i n  t h e  s p e c i e s .
9 . 2  V a r i a t i o n  i n  T e a k
S e v e r a l  b r o a d  s t u d i e s  h a v e  e x a m i n e d  g e o g r a p h i c  v a r i a t i o n  
i n  t e a k ,  a n d  t h e  e x i s t e n c e  o f  s u c h  v a r i a t i o n  w i t h i n  t h e  
s p e c i e s  i s  w e l l  e s t a b l i s h e d  ( B e a r d ,  1 9 4 3 ;  M a t h a u d a ,  1 9 5 1 ;  
W y a t t - S m i t h ,  1 9 6 1 ;  K e i d i n g  ejt a l _ . ,  1964  ; C a m e r o n ,  1966 ; Maung 
G a l e  ( 2 )  a n d  N y u n t  N a i n g ,  1 9 6 7 ;  H e d e g a r t , 1 9 7 1 b ;  P e r s s o n ,  
1 9 7 1 ) .  I n f o r m a t i o n  h o w e v e r  i s  s t i l l  i n c o m p l e t e .  Mo s t  o f  
t h e  wo r k  h a s  o n l y  b e e n  a b l e  t o  d e m o n s t r a t e  t h e  e x i s t e n c e  o f  
v a r i a t i o n  w i t h i n  t h e  s p e c i e s .
P e r s s o n  ( 1 9 7 1 )  c o n d u c t e d  a v e r y  g o o d  t r i a l  a t  K i h u w i ,  
T a n z a n i a .  He u s e d  o p e n - p o l l i n a t e d  s e e d s  f r o m  s e l e c t e d  t r e e s  
i n  e s t a b l i s h e d  p l a n t a t i o n s  a t  t h r e e  T a n z a n i a n  l o c a l i t i e s  
( K i h u w i ,  B i g w a ,  M t i b w a ) . The  p r o g e n i e s  w e r e  o u t p l a n t e d  
u s i n g  a r a n d o m i z e d  b l o c k  w i t h  f o u r  r e p l i c a t i o n s  w h i c h  a l l o w e d  
c o m p a r i s o n  b e t w e e n  t h e  t h r e e  p r o v e n a n c e s  a s  w e l l  a s  b e t w e e n  
t h e  p r o g e n i e s .  S t u d i e s  w e r e  made  o f  h e i g h t  a n d  d i a m e t e r  
g r o w t h  a n d  a l s o  o f  v a r i o u s  m o r p h o l o g i c a l  f e a t u r e s  known t o  
a f f e c t  t i m b e r  q u a l i t y ,  n a m e l y  h e i g h t  t o  t h e  b a s e  o f  f i r s t  
l i v i n g  b r a n c h ,  s t r a i g h t n e s s ,  a n d  f l u t i n g  a n d  f o r k i n g  o f  t h e  
ma i n  s t e m .  T o t a l  h e i g h t  was  m e a s u r e d  e v e r y  y e a r  u n t i l  t h e  
a s s e s s m e n t  a t  a g e  f o u r  whe n  d i a m e t e r  a t  b r e a s t  h e i g h t  ( 1 . 4  m) 
was  m e a s u r e d .  The  a s s e s s m e n t  o f  t h e  o t h e r  f e a t u r e s  was  made
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at age three years six months. In these assessments each 
character was assessed subjectively and numerical values 
were applied according to specified scales. Details of 
the provenances and the results are given in Table 28.
Table 28. Results of teak progeny trial at Kihuwi , 
Tanzania as given by Persson (1971)
Prove - 
nance Latitude
Altitude
Cm)
Rain­
fall
(mm)
Mean
Height
Basal
area/
ha
Straight- 
nes s( 1) Fluting 
(1)
Kihuwi 5°12 'S 200 1400 12 . 5 20.06 1 .220 1 .235
Mtibwa 6°08 'S 460 1200 12.4 18.46 1 .147 1 .120
B i gw a 6°05 'S 580 950 11 . 8 18.25 1.135 1 .072
(1) Higher value indicates more crookedness or fluting.
The significance of the differences were calculated 
at 5 percent level. Bars link differences not 
significant at 5% level .
The results indicated the local provenance was superior 
to the others in volume production (mean height and basal 
area) but poorer in timber quality (stem straightness and 
fluting). Rainfall, altitude and latitude all varied from 
provenance to provenance, although the latitudinal change was 
small (less than 1°) and possibly of little importance. The 
major environmental factors may also have varied with 
provenance. For example, temperature is associated with 
altitude and the mean temperature decreases by between 
0.4°C and 0.7°C for every ascent of 100m in altitude in the 
tropics (Richard, 1964). Thus, adaptation to temperature 
or to rainfall could be considered as causing the difference.
The relationship between rainfall of the provenances 
and their performance was in agreement with the behaviour of
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teak in natural forests. Teak in the semi-evergreen 
forests are normally large, but badly fluted, whereas teak 
in the drier deciduous forests are smaller and less fluted 
(see Chapter II).
In Trinidad, Beard (1943) studied the differences 
between teak from coastal localities of Travancore, India 
(9°S), and Tenasserim, Burma (16°S). The Indian provenance 
was thinned and measurements of height and volume production 
taken at the age of six. These were compared with equivalent 
figures from three sample plots of the teak originating from 
the Burmese area established in local plantations on similar 
soil types within a radius of half a mile. Beard also 
assessed stem straightness and form factor. The Indian 
provenance was markedly inferior in height growth, total 
volume, mean annual increment, form factor and straightness 
(Table 29). Beard also found marked vegetative differences 
between the provenances. The Burmese provenance had bigger 
leaves and shorter petiole (Table 29). The leaves of plants 
of the Indian provenance were shiny and smooth, whereas those 
of Burmese origin were rough.
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Table 29. Comparative data for Indian and Burmese 
provenances as given by Beard (1943)
Criterion India Burma
Total height (m) 9 . 8 12 . 8
Volume under bark (in /hal 16.1 21.9Mean annual increment (m^/ha) 3.8 4.4Form factor 0.156 o. 204Leaf size (cm) 23-27 x 11-15 51-70 x 38-41Petiole length (cm) 3.8 2 .5
No definition of a form factor was provided by Beard. The 
values quoted appear too low for the more common usage of 
the term, i.e. the ratio of tree volume to th$ product of tree 
height and basal area. Accordingly, these results for form 
factor can only be used in general terms.
In 1930, a comprehensive teak provenance trial was 
established in India on an inter-state basis according to 
Mathauda (1951) . Included were 11 seed sources, of which 
two were Burmese, and the remainder Indian. The trial was 
established in 13 different centres, but at only two 
(Nilambur and South Coimbatore) did Mathauda feel the design 
and layout of the trial were satisfactory. At other centres, 
the trials were not adequately randomized or replicated, and 
were considered to be statistically unsound. Mathauda 
summarized the overall results paying particular attention 
to those from the two localities with an adequate layout.
At Nilambur (11°N), near the west coast in the wet part 
of India, six provenances (Nilambur, Anamalais, Travancore, 
South Bombay, South Burma, and North Burma) were included.
All were planted in the same year except the Northern 
Burmese material which was planted one year later. This
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provenance also suffered severely from monkeys damaging 
the young terminal shoots of the trees. The diameter, 
height, and total volume per acre were measured at the age 
of four, nine, and fifteen years. The results were as 
given in Table 30.
At age four years, North Burma provenance was signi­
ficantly the poorest in height measurements. No 
significant differences at the 5% level were observed in 
diameter and volume measurement!.
South Bombay was significantly the best and North 
Burma the poorest in all characteristics at age nine. 
Anamalais was as poor as North Burma in height growth at 
this age, although not significantly different from other 
provenances in diameter and volume measurements.
At age 15 years, South Burma and South Bombay 
provenances were significantly the best in all respects. 
Anamalais provenance was significantly the poorest in 
diameter measurements and North Burma in height measure­
ments .
Thus, in all the characters measured South Bombay and 
South Burma provenances gave the best performance, while 
North Burma origin was the poorest, but it is of course 
invalid to compare North Burma with other origins? in this 
experiment, due to the problems with this provenance.
Trials carried out in South Coimbatore (11°N), which 
is further inland, included only four provenances [South 
Burma, Mount Stuart (local), Mysore, and Nilambur]. These 
were planted in randomized block design in 1934. At age
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the non-local provenances at Nilambur. In this wet tropical 
region, the Southern Burmese and Southern Bombay provenances 
have a standing volume approximately 30 percent greater than 
any other material.
In a summary of genetic improvement of teak in Papua 
New Guinea, Cameron (1966) recorded preliminary findings 
from an unreplicated provenance trial of teak in that area. 
Three provenances were included in the trial which was 
intended only as a guide for later trials. He used mater­
ials from Madras (India), Trinidad (Burmese origin) and 
local (also believed to be Burmese origin) which were planted 
in two localities (Keravat and Mount Lawes). Keravat is a 
high rainfall area (2,870 mm of mean annual rainfall), with 
every month of the year receiving at least 150 mm of rain. 
Mount Lawes has a marked dry season and a mean annual rain­
fall of 2,000 mm (Anon. 1970c; Anon . (n,d.) . Preliminary
assessment (details of age were not specified) showed the 
Madras strain was superior to the others in log length, bole 
cy1indricity, and the small amount of buttressing or fluting. 
The timber of the Madras strain was also darker in colour.
The Trinidad and local materials were similar in appearance 
and performance, though the Trinidad strain tended to be 
slightly superior in some characters.
Teak provenance trials carried out by the Thäi-Danish 
Teak Improvement Centre in Thailand were analyzed by 
Hedegart (1971b). For the first trial seeds were collected 
locally in Thailand in 1965. The trial included 30
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provenances planted in a five replicate randomized block 
design. Height growth, diameter growth and survival 
percentage were assessed. Measurements made at age one 
year showed significant differences in height growth, but 
not in diameter growth or survival . Later measurements 
made at age two, three, four and five showed no significant 
difference in any of the characters studied.
A second seed collection was carried out in 15 local 
Thai provenances in 1968. To this was added one exotic 
Indian provenance. The seeds were sown in a 10 x 100 
seeds replications randomized block design. The seedlings 
were planted as stumps in four field trials situated in the 
provinces of Chieng Rai (19°03'N latitude and 440 m altitude), 
Uttaridit (17°43'N latitude and 100 m altitude), Nakhon 
Ratchasima (14°40'N latitude and 200 m altitude), and 
Chantaburi (13°00'N latitude and 200 m altitude). Studies 
were made of seed weight, seed size, seed diameter, germina­
tion, survival percentage in the field, and height growth. 
Considerable variation in seed weight (383 - 627 gm/1000 seed), 
seed size (401 - 801 seeds/1 itre) , seed diameter (9.9 - 12.4 
mm), and germination (5% - 47%) were recorded. The exotic 
Indian provenance gave the poorest germination. No correla­
tion was observed between germination per cent and geographic 
or topographic position of the provenance.
The trial's location at Nakhon Ratchasima gave very poor 
and irregular survival during the first year and thus no 
detailed analysis was possible. Survival per cent assessed 
at Chieng Rai (22.9 - 66.7%), Uttaridit (60.2 - 76.4%), and
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Chantaburi (13.5 _ 35.3%) gave significant differences 
between provenances. Height measurements at Chieng Rai 
indicated significant differences between the provenances 
at age one year,but these had disappeared by the second year. 
Height measurements at Uttaradit (0.3 - 0.4 m) showed no 
significant differences either in the first or in the 
second year. Heights were not assessed at Chantaburi.
Thus, Hedegart’s work indicated some Thai provenances 
varied in seed size, seed weight, germination per cent and 
survival per cent in the field. Variations in height growth 
appeared unimportant at young age.
In Burma, Maung Gale (2) and Nyunt Naing (1967) compared 
four exotic sources and nine Burmese provenances in trials 
in Southern Burma. The exotic materials were from seed 
collection in Indonesia and India (locations unspecified) 
and also from introduced materials in Togo (Dahomy) and 
New Guinea. The Burmese materials were from three northern 
(Myitkyina, West Katha, Mongmit), and six southern provenances 
(Pyinmana, South Toungoo, Thayetmyo, Zigon, Tharawaddy, 
Kawkareik). All treatments were established at three 
separate locations in southern Burma (Zigon, Pyinmana and 
North Toungoo), using a randomized block layout. Survival 
per cent and height growth were assessed periodically from 
age one to age six years. Survival varied significantly 
between provenances. At all three locations, the nearest 
local material gave a higher survival percentage than 
provenances which were further away (northern Burma and 
exotic provenances). Although the results of the height
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g r o w t h  m e a s u r e m e n t s  w e r e  n o t  s t a t i s t i c a l l y  a n a l y z e d ,  t h e r e  
w e r e  i n d i c a t i o n s  o f  v a r i a t i o n  i n  h e i g h t  o f  t h e  p r o v e n a n c e s  
s t u d i e d  a nd  a l s o  t h a t  t h e  c o m p a r a t i v e  p e r f o r m a n c e  o f  
p r o v e n a n c e s  v a r i e d  w i t h  l o c a l i t y  o f  p l a n t i n g .
Th e  wo r k  o f  W y a t t - S m i t h  ( 1 9 6 1 )  i n  n o r t h - w e s t  M a l a y s i a  
a l s o  s u g g e s t e d  t h a t  l o c a l  p r o v e n a n c e  was  t h e  b e s t .  He 
u s e d  s e e d  f r o m
( i )  l o c a l  e l i t e  t r e e s  o f  f i r s t  g e n e r a t i o n ,  m a t e r i a l  
o f  S u m a t r a  o r i g i n  ( T r e e  N o s . 4 7 - 5 0 ) ,
( i i )  m i x e d  s e c o n d  a n d  t h i r d  g e n e r a t i o n  m a t e r i a l  o f  
S u m a t r a  o r i g i n  ( T r e e  N o s . 3 ,  18 ,  2 0 ) ,
( i i i )  l o c a l  f i r s t  g e n e r a t i o n  m a t e r i a l  o f  J a v a  o r i g i n  
( T r e e  N o s . 1 2 - 1 4 ) ,
( i v )  s e l e c t e d  t r e e s  f r o m  N o r t h e r n  T h a i l a n d ,  a n d
( v )  h e a v y  r a i n f a l l  t e a k  z o n e  o f  J a v a ,  a nd  
s o w e d  t h e m  i n  b e d s  b e i n g  c h o s e n  a t  r a n d o m  i n  a s t r a t i f i e d  
m a n n e r  a t  two l o c a t i o n s  i n c l u d i n g  C h a n g l u m  ( 6 ° 2 6 ’N l a t i t u d e ) ,  
a n d  J e n i a n g  ( 5 ° 4 8 ’N l a t i t u d e )  . S t u d i e s  w e r e  made on 
g e r m i n a t i o n  a n d  s e e d l i n g  h e i g h t ,  w i t h  g e r m i n a t i o n  m e a s u r e d  
up t i l l  64 w e e k s  a f t e r  s o w i n g  and  h e i g h t  m e a s u r e d  on t h e  
t e n t h  m o n t h  a f t e r  s o w i n g .  No s t a t i s t i c a l  a n a l y s e s  w e r e  
c o n d u c t e d  b u t  t h e  r e s u l t s  i n d i c a t e d  p r o v e n a n c e  v a r i a t i o n  
i n  b o t h  g e r m i n a t i o n  a n d  s e e d l i n g  h e i g h t  ( T a b l e  32)  . L o c a l  
p r o v e n a n c e s  e x h i b i t e d  t h e  b e s t  p e r f o r m a n c e  a n d  T h a i l a n d  
t h e  p o o r e s t .
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Table 32 Comparison of germination and height
growth of local and exotic provenances 
as given by Wyatt-Smith (1961)
Provenances Germination % ^^ Height (cm)
Elite Tree Nos 47-50 37.3 63.0
Elite Tree Nos 3, 18, 20 26.8 71.6
Elite Tree Nos 12-14 37.4 67.3
Java 36.7 58.7
Thai1 and 18.4 55.6
(1) Average for two nurseries at Changlum and Jeniang
(2) Results were given in height classes . Figures 
given in this table however were obtained by 
multiplying number of trees with their respective 
mean of the height classes and averaging the total 
height of the provenance.
Germination of the provenance from Thailand (18.4%) was 
very poor as compared to the remaining provenances 
(26.8% - 37.4%). Average height of the seedlings also 
indicated the inferiority of the Thai origin (55.6 cm) 
to those of the remaining origins (58.7 cm - 71.6 cm).
The fact that Javanese provenance was comparable to the 
local provenances was possibly due to their similarity in 
latitude, except that Malaysia is in the northern hemisphere 
and Java in the south. Consequently, the difference in 
climatic condition will not be as great as between Malaysia 
and northern Thailand.
Widespread studies indicate the existence of provenance 
variation in teak in volume production, morphological 
characteristics that determine timber qualities, survival, and 
seed quality. They also indicate that the comparative
124
p e r f o r m a n c e  o f  p r o v e n a n c e s  may c h a n g e  w i t h  a g e  a n d  p l a c e ,  
b u t  t h e  l o c a l  p r o v e n a n c e  u s u a l l y  was  t h e  b e s t ,  o r  i f  n o t ,  
among t h e  b e s t .  The  l a c k  o f  v a r i a t i o n  among t h e  w i d e  
r a n g e  o f  T h a i  p r o v e n a n c e s  s t u d i e d  by  H e d e g a r t  t e n d s  t o  
s u p p o r t  t h e  p r o p o s e d  s u b - d i v i s i o n  f o r  p r o v e n a n c e  t r i a l s  
( S u b - S e c t i o n  1 0 . 2 . 3 )  i n  w h i c h  T h a i l a n d  was  c o n s i d e r e d  as  
a s i n g l e  e n t i t y .
C l e a r l y  when  p l a n t a t i o n  e s t a b l i s h m e n t  i s  c o n s i d e r e d ,  
p r o v e n a n c e  t r i a l s  i n  a s  much d e t a i l  a s  p o s s i b l e  s h o u l d  be  
e s t a b l i s h e d  a n d  a s s e s s e d  a s  s o o n  as  p r a c t i c a b l e .
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CHAPTER X
POSSIBILITIES FOR TREE BREEDING
10 . 1 General
The genetic variation present in tree species may be 
exploited by means of tree breeding programmes in which 
trees with desirable characteristics are selected and bred for 
the establishment of plantations containing superior geno­
types. A tree breeding programme generally involves:
(1) Provenance trials established on a range of sites 
covering potential planting areas and studies of variation of 
biological and morphological characteristics between and 
within the provenances.
(2) Exploitation of tree to tree variation from within 
the best provenance by selection and testing of plus trees.
(3) Establishment of seed orchards for breeding from 
the selected trees.
10.2 Provenance variation and a guide to provenance collection
in South East Asia
The existence of variation in teak trees has been 
discussed in Chapter IX. Variations in volume production, 
morphological characteristics that determine timber qualities, 
and survival were demonstrated. The comparative performance 
of provenances may change with age, and the local provenance 
was generally proved to be the best.
The trials to date have been limited in their coverage 
of the species range and have provided few guidelines to the 
selection of particular provenances for particular areas. 
Consequently a pressing need for any area which is to be planted
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w i t h  t e a k  i s  f o r  a w i d e s p r e a d  p r o v e n a n c e  t r i a l  t o  b e  i n s t i t u t e d .  
T h i s  t r i a l  s h o u l d  e n c o m p a s s  as  many a r e a s  o f  n a t u r a l  o c c u r ­
r e n c e  o f  t h e  s p e c i e s  a s  p o s s i b l e .  A t e n t a t i v e  o u t l i n e  t o  
d e t e r m i n e  t h e  a b s o l u t e  mi n i mum n u m b e r  o f  p r o v e n a n c e s  f o r  
s u c h  a s t u d y  f o l l o w s .
1 0 . 2 . 1  Bur ma
U s i n g  c l i m a t o l o g i c a l  d a t a ,  Bur ma  c a n  b r o a d l y  b e  d i v i d e d  
i n t o  t h e  f i v e  p r o v e n a n c e s  s hown  i n  F i g u r e  10,  n a m e l y :
( i )  The  N o r t h e r n  P r o v e n a n c e
( i i )  The  S o u t h e r n  P r o v e n a n c e
( i i i )  Th e  E a s t e r n  P r o v e n a n c e
( i v )  The  C e n t r a l  P r o v e n a n c e
( v)  T h e  T e n a s s e r i m  P r o v e n a n c e
The  r a i n f a l l  and  t e m p e r a t u r e  r a n g e s  t y p i c a l  o f  t h e s e  
r e g i o n s  h a v e  b e e n  b r o a d l y  s u m m a r i z e d  i n  T a b l e  3 3 .  T h i s  t a b l e  
was  p r e p a r e d  u s i n g  m a t e r i a l s  a n d  r a i n f a l l  map i n  Anon ( 1 9 5 2 )  
and  Anon ( 1 9 6 6 ) .  The  f o r e s t  d i v i s i o n s  i n c l u d e d  i n  e a c h  r e g i o n  
a r e  d e t a i l e d  i n  A p p e n d i x  I I .
T a b l e  3 3 .  C l i m a t i c  d a t a  f o r  p r o p o s e d  p r o v e n a n c e s  i n  Bur ma
P r  o v e n a n  ce R a i n f  a l 1 
(mm)
T e m p e r a t u r e  ( °C)
Mi n . Max
( i )  N o r t h e r n
p r o v e n a n c e 1520 -  2160 17 28
( i i )  S o u t h e r n
p r o v e n a n c e 2030 - 4 5 7 0 22 31
( i i i )  E a s t e r n
p r o v e n a n c e 1270 -  2030 14 25
( i v )  C e n t r a l
p r o v e n  an ce l e s s  t h a n  1270 21 32
( v)  T e n a s s e r i m  
p r o v e n a n c e 1830 - 5 0 8 0 25 30
(i) Northern Provenance. This provenance represents the
northern limit of the natural occurrence of teak. Consequently 
effects of temperature and latitude may be expected to be 
most pronounced in this region. Teak from this area should 
be considered for all cooler areas, particularly at high 
latitudes. For rainfall distribution and monthly temperature 
of the area, see Myitkyina in Figure 8.1
(ii) Southern Provenance. The area where the best quality 
Burmese teak occurs. The climatic condition is considered 
ideal for teak. A combination of good growth and good timber 
quality would be expected from this provenance which should be 
included in most widespread provenance trial of teak. See 
Toungoo, Tharawaddy, and Rangoon in Figures 8.2 and 8.3 for more 
detailed climatic conditions.
(iii) Eastern Provenance. This provenance is situated furthest 
inland and on a plateau called the Shan Plateau. Consequently 
it is cooler, and a demonstration of the effect of this lower 
temperature is anticipated from this area. With the northern 
provenance, this area should be included in trials for 
latitudinal and altitudinal extremes for teak. For detailed 
climatic data, see Lashio and Taunggyi in Figure 8.1.
(iv) Central Provenance. A fairly dry part of the country 
with rainfall less than 1,270 mm. Trees in this area are not 
generally large, but are of good timber quality. Black stripe 
teak also occurs in this region. This provenance should be 
included in all studies for dry areas. See Mandalay, Myingyan, 
and Minbu in Figures 8.1 and 8.2 for more detailed climatic
conditions.
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( v )  T e n a s s e r i m  P r o v e n a n c e . The  s o u t h e r n  l i m i t  o f  t h e  n a t u r a l  
o c c u r r e n c e  o f  t e a k  i n  B u r ma .  A h i g h  r a i n f a l l  a r e a  w i t h  t e a k  
t r e e s  u s u a l l y  l a r g e  and  f l u t e d .  Mo s t  o f  t h e  B u r m e s e  s e e d  
e x p o r t e d  h a s  come f r o m  t h i s  r e g i o n  d u e  p r e s u m a b l y  t o  t h e  e a s e  
o f  a c c e s s  ( B e a r d ,  1 9 4 3 ;  S t r e e t s ,  1 9 6 2 ;  P e r s s o n ,  1 9 7 1 ) .  T h i s  
p r o v e n a n c e  w o u l d  p r o b a b l y  b e  l e s s  s u i t a b l e  t h a n  o t h e r s  f o r  
a r e a s  l a c k i n g  h i g h  r a i n f a l l  and  w i t h  low t e m p e r a t u r e § , b u t  
s h o u l d  be  i n c l u d e d  i n  a l l  t r i a l s  f o r  t r o p i c a l  c l i m a t e s .  F o r  
mor e  d e t a i l e d  c l i m a t i c  c o n d i t i o n s , s e e  M o u l m e i n  i n  F i g u r e  8 . 5 .
1 0 . 2 . 2  I n d i a
I n d i a  c a n  be  d i v i d e d  i n t o  s e v e n  p r o v e n a n c e s  u s i n g  t h e  
f o r e s t  t y p e  a nd  r a i n f a l l  a s  g i v e n  by  T r e v o r  a nd  C h a mp i o n  ( 1 9 3 8 ) .  
Mo s t  o f  t h e s e  f o r e s t  t y p e s  h a v e  a v e r y  w i d e  l a t i t u d i n a l  r a n g e ,  
i n  many c a s e s  o v e r  8° ( a p p r o x i m a t e l y  470 k m) .  T h e r e f o r e ,  i t  
a p p e a r s  d e s i r a b l e  t o  d i v i d e  t h e  s u b - c o n t i n e n t  i n t o  a t  l e a s t  
t wo s e c t i o n s  f o r  p r o v e n a n c e  p u r p o s e .  The  a r e a  n o r t h  o f  16° 
l a t i t u d e  c a n  be  t r e a t e d  as  ( 1 )  t h e  n o r t h e r n  p r o v e n a n c e  and  
t h a t  s o u t h  o f  16° l a t i t u d e  a n d  ( 2 )  t h e  s o u t h e r n  p r o v e n a n c e .
F o r  d e t a i l e d  p r o v e n a n c e  a s s e s s m e n t ,  t h i s  b r o a d  d i v i s i o n  c a n  
t h e n  be  f u r t h e r  s u b - d i v i d e d  by  f o r e s t  t y p e s  a n d  r a i n f a l l  as  
f o l l o w s ,  ( s e e  F i g u r e  1 0 ) .
( i ) a  N o r t h e r n  E v e r g r e e n  P r o v e n a n c e . An a r e a  s i t u a t e d  a l o n g  
t h e  w e s t  c o a s t  o f  I n d i a  a n d  c o m p r i s e d  o f  t r o p i c a l  e v e r g r e e n  
a n d  t r o p i c a l  s e m i - e v e r g r e e n  t y p e  o f  f o r e s t .  The  r a i n f a l l  
r a n g e s  f r o m 1 , 2 7 0  mm t o  o v e r  2 , 5 4 0  mm. Good g r o w t h  c a n  b e  
e x p e c t e d  f r o m  t h i s  p r o v e n a n c e ,  b u t  t h e  t i m b e r  may b e  f l u t e d  
and  n o t  o f  v e r y  g o o d  q u a l i t y .  T h i s  p r o v e n a n c e  s h o u l d  be
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i n c l u d e d  i n  a l l  s t u d i e s  f o r  m o i s t  a r e a s  w i t h  l a t i t u d e  o v e r  
16° .
( i ) b  N o r t h e r n  M o i s t  D e c i d u o u s  P r o v e n a n c e . T h i s  a r e a  i s  a l s o  
s i t u a t e d  c l o s e  t o  t h e  w e s t  c o a s t  o f  I n d i a ,  b u t  c o m p r i s e s  
m a i n l y  m o i s t  d e c i d u o u s  t y p e  o f  f o r e s t s .  The  r a i n f a l l  i n  
t h i s  a r e a  r a n g e s  b e t w e e n  1 , 0 1 6  mm -  1 , 2 7 0  mm. Good g r o w t h  
a n d  g o o d  t i m b e r  q u a l i t y  c a n  b e  e x p e c t e d  f r o m  t h i s  p r o v e n a n c e  
a s  m o i s t  d e c i d u o u s  f o r e s t  n o r m a l l y  c a r r y  g o o d  t e a k .  T h i s  
p r o v e n a n c e  s h o u l d  b e  i n c l u d e d  i n  m o s t  w i d e s p r e a d  p r o v e n a n c e  
t r i a l s  o f  t e a k  i n  a r e a s  a b o v e  16° l a t i t u d e .
( i )  c N o r t h e r n  Dr y D e c i d u o u s  P r o v e n a n c e . T h i s  i s  a d r i e r  
p r o v e n a n c e  c o n s i s t i n g  m a i n l y  o f  t h e  d r y  d e c i d u o u s  t y p e  o f  
f o r e s t s .  The  r a i n f a l l  i n  t h i s  a r e a  i s  l e s s  t h a n  1 , 0 1 6  mm 
a nd  t h i s  p r o v e n a n c e  s h o u l d  be  i n c l u d e d  i n  a l l  s t u d i e s  f o r  d r y  
a r e a s  a t  l a t i t u d e s  o v e r  1 6 ° .  Gr o wt h  o f  t e a k  i s  n o r m a l l y  p o o r  
i n  t h e  t y p e  o f  f o r e s t  i n c l u d e d  i n  t h i s  p r o v e n a n c e .  S m a l l ,  
b u t  u s u a l l y  c y l i n d r i c a l  w i t h  mi n i mum f l u t i n g  t i m b e r  c a n  be  
e x p e c t e d  f r o m t h i s  a r e a .
( i i )  a S o u t h e r n  E v e r g r e e n  P r o v e n a n c e . T h i s  i s  i d e n t i c a l  t o  
t h e  N o r t h e r n  E v e r g r e e n  P r o v e n a n c e ,  e x c e p t  f o r  t h e  l a t i t u d i n a l  
r a n g e .  S i m i l a r  t i m b e r  q u a l i t y  c o u l d  b e  e x p e c t e d .  T h i s  
p r o v e n a n c e  s h o u l d  b e  c o n s i d e r e d  f o r  m o i s t  l o c a l i t i e s  a t  
l a t i t u d e s  l e s s  t h a n  1 6 ° .
( i i ) b  S o u t h e r n  M o i s t  D e c i d u o u s  P r o v e n a n c e . I d e n t i c a l  t o  t h e  
N o r t h e r n  M o i s t  D e c i d u o u s  P r o v e n a n c e  b u t  s i t u a t e d  s o u t h  o f  16° 
l a t i t u d e .  T i m b e r  q u a l i t y  c o u l d  b e  e x p e c t e d  t o  b e  s i m i l a r .
T h i s  p r o v e n a n c e  s h o u l d  b e  i n c l u d e d  i n  a l l  w i d e s p r e a d  t r i a l s  o f  
t e a k  i n  a r e a s  s o u t h  o f  16°  l a t i t u d e .
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( i i ) c  S o u t h e r n  Dr y  D e c i d u o u s  P r o v e n a n c e . T h i s  p r o v e n a n c e  
i s  s i t u a t e d  s o u t h  o f  16°  l a t i t u d e  a n d  c o n t a i n s  t h e  s ame  f o r e s t  
t y p e ,  and  h a s  t h e  s ame  r a i n f a l l  r a n g e  as  t h e  N o r t h e r n  Dry 
D e c i d u o u s  P r o v e n a n c e .  Th u s  p e r f o r m a n c e  s i m i l a r  t o  t h e  N o r t h ­
e r n  Dr y  D e c i d u o u s  P r o v e n a n c e  c a n  b e  e x p e c t e d .  T h i s  p r o v e n a n c e  
s h o u l d  be  i n c l u d e d  i n  t r i a l s  f o r  d r y  a r e a s  b e l o w  t h e  l a t i t u d e  
o f  1 6 ° .
( i i ) d  S o u t h  E a s t e r n  E v e r g r e e n  P r o v e n a n c e . T h i s  a r e a  i s  
s i t u a t e d  on t h e  e a s t  c o a s t  o f  I n d i a  a n d  c o m p o s e d  m a i n l y  o f  
t r o p i c a l  e v e r g r e e n  f o r e s t  t y p e .  The  r a i n f a l l  r a n g e  i s  b e t w e e n  
1 , 0 1 6  mm -  1 , 2 7 0  mm. A l t h o u g h  t h i s  p r o v e n a n c e  c a r r i e s  t r o p i c a l  
e v e r g r e e n  f o r e s t  t y p e ,  t h e  r a i n f a l l  i s  l o w.  T h u s ,  t e a k  w i t h  
g o o d  g r o w t h  and  r e a s o n a b l y  g o o d  t i m b e r  q u a l i t y  c o u l d  a l s o  b e  
e x p e c t e d  f r o m  t h i s  a r e a .  T h i s  p r o v e n a n c e  s h o u l d  be  i n c l u d e d  
i n  t r i a l s  f o r  a r e a s  w i t h i n  t h e  r a i n f a l l  r a n g e  m e n t i o n e d ,  
p a r t i c u l a r l y  w i t h  l a t i t u d e  l e s s  t h a n  1 6 ° .
1 0 . 2 . 3  T h a i  l a n d
I n f o r m a t i o n  on t e a k  f o r e s t  i n  T h a i l a n d  i s  v e r y  s c a n t y .
H o w e v e r ,  t h e  a r e a  o f  n a t u r a l  o c c u r r e n c e  ( a p p r o x i m a t e l y  3 0 , 0 0 0  
2
km ) i s  c o m p a r a t i v e l y  s m a l l  ( s e e  F i g u r e  5 ) .  T r i a l s  t o  d a t e  i n  
T h a i l a n d  h a v e  s hown  l i t t l e  i m p o r t a n t  v a r i a t i o n  t o  e x i s t  w i t h i n  
t h e  a r e a  ( H e d e g a r t ,  1 9 7 1 b ;  s e c t i o n  9 . 2 ) ,  a n d  t h e  a r e a  c a n  
t h e r e f o r e  be  c o n s i d e r e d  as  one  p r o v e n a n c e .  The T h a i  p r o v e n a n c e  
i s  s i t u a t e d  i n l a n d  w i t h  a p p r o x i m a t e l y  1 , 0 8 0  mm o f  t o t a l  r a i n ­
f a l l  ( A n o n ,  1 9 6 6 ) .  F o r  r a i n f a l l  d i s t r i b u t i o n ,  s e e  C h i e n g  Mai  
i n  F i g u r e  7 . 2 .  G r o w t h  o f  t e a k  f r o m  t h i s  p r o v e n a n c e  may be  
p o o r ,  b u t  a r e a s o n a b l y  g o o d  t i m b e r  q u a l i t y  may b e  e x p e c t e d .
T h i s  p r o v e n a n c e  s h o u l d  b e  i n c l u d e d  i n  s t u d i e s  f o r  d r i e r  i n l a n d
a r e  a s .
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1 0 . 2 . 4  Laos
The  o c c u r r e n c e  i n  La o s  i s  a l s o  v e r y  l i m i t e d  i n  e x t e n t  
a n d  h a s  a l s o  b e e n  c o n s i d e r e d  as  one  p r o v e n a n c e  ( s e e  F i g u r e  5) . 
The  L a o t i a n  P r o v e n a n c e  h a s  a t o t a l  r a i n f a l l  o f  a p p r o x i m a t e l y  
1 , 7 1 0  mm ( A n o n ,  1 9 6 6 ) .  The  r a i n f a l l  r a n g e  o f  t h i s  p r o v e n a n c e  
a p p e a r s  i d e a l  f o r  t e a k .  T h u s  t e a k  w i t h  g o o d  p e r f o r m a n c e  i n  
g r o w t h  a n d  g o o d  t i m b e r  q u a l i t y  may b e  e x p e c t e d  f r o m  t h i s  a r e a .  
F o r  d e t a i l e d  r a i n f a l l  p a t t e r n ,  s e e  V i e n t i a n e  i n  F i g u r e  7 . 2 .
T h i s  p r o v e n a n c e  s h o u l d  be  i n c l u d e d  i n  a l l  w i d e s p r e a d  p r o v e n a n c e  
t r i a l s  o f t e a k .
1 0 . 2 . 5  I n d o n e s i a
I n d o n e s i a  c a n  be  d i v i d e d  i n t o  t wo  p r o v e n a n c e s ,  n a m e l y  :
( i )  We s t  J a v a  P r o v e n a n c e  
( i i )  E a s t  J a v a  P r o v e n a n c e
The  We s t  J a v a  P r o v e n a n c e  h a s  a t o t a l  r a i n f a l l  o f  a p p r o x i ­
m a t e l y  1 , 8 0 0  mm w h i l e  t h e  E a s t  J a v a  P r o v e n a n c e  h a s  a p p r o x i m a t e l y  
1 , 2 8 0  mm o f  t o t a l  r a i n f a l l  ( A n o n ,  1 9 6 6 ) .  Good g r o w t h  a nd  g o o d  
t i m b e r  q u a l i t y  may be  d e m o n s t r a t e d  b y  t h e s e  p r o v e n a n c e s  as  
t h e  r a i n f a l l  r a n g e  i s  w i t h i n  t h e  l i m i t  w h e r e  g o o d  t e a k  f o r e s t  
o c c u r s  i n  Bu r ma .  T h e s e  t wo  I n d o n e s i a n  p r o v e n a n c e s ,  a l t h o u g h  
p o s s i b l y  n o t  n a t u r a l ,  a r e  o f  c o n s i d e r a b l e  i n t e r e s t .  Th e y  a r e  
c l o s e  t o  t h e  e q u a t o r  a n d  r e p r e s e n t  c l i m a t i c  c o n d i t i o n s  w i t h i n  
t h e  r a n g e  o f  t e a k  ( s e e  P a s u r u a n  i n  F i g u r e  7 . 2 ) .  T h e s e  t wo 
p r o v e n a n c e s  s h o u l d  b e  i n c l u d e d  i n  m o s t  s t u d i e s  a n d  s h o u l d  be  
e s s e n t i a l  c o n s t i t u e n t s  i n  t r i a l s  f o r  a r e a s  o f  l a t i t u d e  o f  10°  
o r  l e s s .  F o r  e x a m p l e ,  t h e s e  p r o v e n a n c e s  s h o u l d  c e r t a i n l y  be  
t e s t e d  f o r  P a p u a  New G u i n e a .
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1 0 . 2 . 6  Summar y
The  p r o v e n a n c e s  l i s t e d  a b o v e  c o n s t i t u t e  a v e r y  b r o a d  
d i v i s i o n .  When c o l l e c t i n g  s e e d  f o r  p r o v e n a n c e  t r i a l s ,  
a l t i t u d e  a n d  f o r e s t  t y p e  w i t h i n  e a c h  r e g i o n  m i g h t  a l s o  be  
c o n s i d e r e d .
A r e a s  a t  l a t i t u d e s  g r e a t e r  t h a n  16° s h o u l d  h a v e  t h e  
f o l l o w i n g  p r o v e n a n c e s  t e s t e d  as  a b a s i c  mi n i mu m:
I n d i a  ( i ) a  N o r t h e r n  e v e r g r e e n  p r o v e n a n c e
( i ) b  N o r t h e r n  m o i s t  d e c i d u o u s  p r o v e n a n c e  
( i ) c  N o r t h e r n  d r y  d e c i d u o u s  p r o v e n a n c e
Bur ma  ( i ) N o r t h e r n  p r o v e n a n c e
( i i ) S o u t h e r n  p r o v e n a n c e
( i i i ) E a s t e r n  p r o v e n a n c e
( i v ) C e n t r a l  p r o v e n a n c e
( v )  T e n a s s e r i m  p r o v e n a n c e
Th a i 1 a n d T h a i  p r o v e n a n c e
La os L a o t i a n  p r o v e n a n c e
S i m i l a r l y  f o r  a r e a s  o f  l a t i t u d e  l e s s  t h a n  1 6 ° ,  t h e  
f o l l o w i n g  p r o v e n a n c e s  s h o u l d  b e  i n c l u d e d .
I n d i a  ( i i ) a  S o u t h e r n  e v e r g r e e n  p r o v e n a n c e
( i i ) b  S o u t h e r n  m o i s t  d e c i d u o u s  p r o v e n a n c e  
( i i ) c  S o u t h e r n  d r y  d e c i d u o u s  p r o v e n a n c e  
( i i ) d  S o u t h - e a s t e r n  e v e r g r e e n  p r o v e n a n c e
I n d o n e s i a ( i )  We s t  J a v a  p r o v e n a n c e  
( i i )  E a s t  J a v a  p r o v e n a n c e
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It is emphasized that these sub-divisions of provenances 
are tentative only. The major division based on the level of 
16° latitude should not be regarded as necessarily exclusive 
and extensive modification to these proposals is likely as 
more detailed knowledge becomes available.
10.3 Selection at the individual tree level
In the absence of results from detailed provenance 
studies, careful selection of trees in the local region should 
be carried out to establish initial seed orchards.
Characteristics required for selection at the individual 
tree levelhave been discussed in detail in Chapter VIII, but
are again outlined below for the completeness of this section.
De s i r ab 1 e features of individual teak trees are:
(i) Late flowering
C Ü ) Superior height and diameter growth
(iii) Flat branches, slightly ascending and of small diameter
Civ) Branches on merchantable bole should be shed rapidly
(v) Crown should be comparatively narrow with a low ratio 
of crown diameter to stem diameter
Cvi) Bole should be free of sweeps and kinks with no 
fluting and little buttressing
(vii) Bole should have little taper and have straight grain
(viii) Resistance to butt rotting fungi
(ix) The timber produced should be of superior quality 
in terms of strength and appearance
(x) The regular production of profuse large viable seed
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Age a t  w h i c h  s e l e c t i o n  i s  made  i s  v e r y  i m p o r t a n t  i n  t h e  
s e l e c t i o n  o f  p l u s  t r e e s .  S e l e c t i o n  i n  y o u n g  s t a n d s  c a n  b e  
m i s l e a d i n g  w i t h o u t  a k n o w l e d g e  o f  t h e  c o r r e l a t i o n  b e t w e e n  
j u v e n i l e  a nd  a d u l t  p l a n t s  ( K e d h a r n a t h  a nd  M a t t h e w s ,  1 9 6 2 ) .  
D e t e r m i n a t i o n  o f  t h e  a g e  a t  w h i c h  a m e a s u r e  o f  p r o b a b l e  
p e r f o r m a n c e  a t  m a t u r i t y  i s  d e s i r a b l e  ( K e d h a r n a t h ,  1 9 6 6 ) .
R e l i a b l e  d a t a  i s  p r e s e n t l y  n o t  a v a i l a b l e  a nd  p r a c t i c e  v a r i e s  
c o n s i d e r a b l y  f r o m  c o u n t r y  t o  c o u n t r y .  I n  T r i n i d a d ,  s e l e c t i o n  
o f  t e a k  p l u s  t r e e s  i s  made  f r o m  s t a n d s  w h i c h  a r e  a t  l e a s t  20 
y e a r s  o l d  ( C h a l m e r s ,  1 9 6 2 ) .  I n  P a p u a  New G u i n e a ,  h o w e v e r ,  
s e l e c t i o n s  a r e  made  i n  s t a n d s  o f  8 -  10 y e a r s  o f  a g e  ( C a m e r o n ,  
1966)  . Ca me r o n  j u s t i f i e d  h i s  s e l e c t i o n  f r o m  y o u n g  s t a n d s  w i t h  
t h e  f a c t  t h a t  r a p i d  a n d  e a r l y  d e v e l o p m e n t  o f  t e a k  i n  P a p u a  New 
G u i n e a  r e s u l t s  i n  e a r l y  e x p r e s s i o n  o f  t h e  u n d e s i r a b l e  c h a r a c t e r s ,  
a n d  t h u s  l e s s  l i k e l i h o o d  o f  w r o n g  s e l e c t i o n .  I n  s u p p o r t  o f  
C a m e r o n ,  K e d h a r n a t h  a n d  M a t t h e w s  ( 1 9 6 2 )  s t a t e d  t h a t  b e c a u s e  o f  
t h e  f a s t  g r o w t h  o f  t e a k ,  d i f f e r e n c e s  i n  h e i g h t ,  s t e m  d i a m e t e r ,  
i n t e r n o d e  l e n g t h ,  n u m b e r  o f  l e a v e s ,  t h e  a n g l e  a t  w h i c h  t h e  
l e a v e s  a r e  c a r r i e d  on t h e  s t e m  c a n  b e  o b s e r v e d  e v e n  i n  t h e  f i r s t  
y e a r  o f  i t s  l i f e .  H o w e v e r ,  t h e s e  a u t h o r s  a l s o  f e e l  t h a t  any  
a s s e s s m e n t  o f  t h e s e  c h a r a c t e r s  s h o u l d  b e  c a r r i e d  o u t  o v e r  
s e v e r a l  y e a r s  t o  c h e c k  a p o s s i b l e  v a r i a t i o n  w i t h  a g e .  C l e a r l y ,  
a g e  a t  w h i c h  p l u s  t r e e s  c o u l d  b e  s e l e c t e d  s t i l l  r e m a i n s  t o  b e  
d e t e r m i n e d .  F o r  t h e  p r e s e n t ,  i t  a p p e a r s  t h a t  t e a k  t r e e s  o v e r  
t e n  y e a r s  o f  a g e  c o u l d  b e  s e l e c t e d  f o r  t h e  c h a r a c t e r i s t i c s  
r e q u i r e d .
1 0 . 3 . 1  T e s t i n g  o f  s e l e c t e d  t r e e s
P r o g e n y  t e s t s  may be  e s t a b l i s h e d  t o  d e t e r m i n e  h e r e d i t a r y  
d i f f e r e n c e s  b e t w e e n  i n d i v i d u a l  t r e e s  u s i n g  e i t h e r  o p e n - p o l l i n a t e d
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s e e d s  ( K e d h a r n a t h  a n d  M a t t h e w s ,  1 9 6 2 ;  W r i g h t ,  1 9 6 2 ;  C a m e r o n ,  
1 9 6 6 ) .  O p e n - p o l l i n a t e d  s e e d s  a r e  o b t a i n e d  f r o m  p o l l i n a t i o n  
e f f e c t e d  by  w i n d  o r  i n s e c t s ,  w h i l s t  c o n  t  r  o 1 -rp o 11 i n  a t  ed  s e e d s  
a r e  o b t a i n e d  f r o m  an  a r t i f i c i a l  t r a n s f e r  o f  p o l l e n  f r o m one  
f l o w e r  t o  a n o t h e r .  U n d e r  t h e  l a t t e r  c o n d i t i o n s  b o t h  p a r e n t s  
a r e  known w i t h  c e r t a i n t y  ( W r i g h t ,  1962)  , b u t  u n d e r  t h e  f o r m e r  
o n l y  t h e  s e e d  b e a r i n g  p a r e n t  i s  kn o wn .
T h e r e  a r e  a d v a n t a g e s  a nd  d i s a d v a n t a g e s  i n  b o t h  t y p e s  
o f  p o l l i n a t i o n .  C o n t r o 1 - p o 1 1 i n a t i o n  i s  a mo r e  a c c u r a t e  way 
o f  g e t t i n g  a p r o g e n y  w i t h  t h e  r e q u i r e d  c h a r a c t e r i s t i c s  
( K e d h a r n a t h  and  M a t t h e w s ,  1 9 6 2 ) .  I t  i s  e s s e n t i a l  f o r  s p e c i e s  
o r  r a c i a l  h y b r i d i z a t i o n ,  a n d  i s  d e s i r a b l e  i n  s e l e c t i v e  b r e e d ­
i n g  p r o g r a m m e s  ( W r i g h t ,  1 9 6 2 ) .  H o w e v e r ,  t h i s  p o l l i n a t i o n  
m e t h o d  i n v o l v e s  c o n s i d e r a b l e  l a b o u r ,  n u m e r o u s  r e s e a r c h  s t a f f ,  
and  c o n s e q u e n t l y  h i g h  e x p e n d i t u r e  ( W r i g h t ,  1964)  .
D e t a i l s  o f  t h e  t e c h n i q u e s  u s e d  f o r  c o n t r o l - p o l l i n a t i o n  
o f  t e a k  a r e  d i s c u s s e d  b e l o w .  W r i g h t  ( 1962)  h a s  o u t l i n e d  t h e  
b a s i c  p r o c e d u r e s  n e c e s s a r y  t o  e f f e c t  c o n t r o 1 - p o 1 1 i n  a t i o n  w i t h  
s u c h  s p e c i e s  as  t e a k ,  w h i c h  a r e  m o n o e c i o u s ,  p o s s i b l y  s e l f ­
c o m p a t i b l e  a n d  i n s e c t  p o l l i n a t e d .  T r e e s  h a v e  t o  b e  c l i m b e d  t o  
e m a s c u l a t e  a n d  b a g  f l o w e r s ,  a n d  t h e n  l a t e r  t o  e f f e c t  t h e  
p o l l i n a t i o n .  The  p r o c e s s e s  o f  e m a s c u l a t i o n  a n d  p o l l i n a t i o n  
may be  s l o w  and  c o n s e q u e n t l y  e x p e n s i v e .  I n  t e a k ,  t h e  t i m e  
a v a i l a b l e  f o r  e m a s c u l a t i o n  i s  v e r y  s h o r t  ( Br y n d u m a n d  H e d e g a r t ,  
1 9 6 9 ) .  D e t a i l e d  a n d  c o m p l i c a t e d  l a b e l l i n g  o f  f l o w e r s  i s  a l s o  
n e c e s s a r y  a n d  s e e d  c o l l e c t i o n ,  n u r s e r y  p r o c e d u r e s ,  f i e l d  
e s t a b l i s h m e n t  a n d  m a i n t e n a n c e  o f  c o n t r o l - p o 1 l i n a t e d  p r o g e n y  
t r i a l s  a r e  e x p e n s i v e  due  t o  t h e  l a r g e  n u m b e r  o f  t r e a t m e n t s
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which are usually included. Duffield and Snyder (1958) suggest 
as an approximate guide the labour involved is increased by 
a factor equal to the number of parent trees involved in 
control-pollination.
Only one parent tree is known in the seed obtained from 
open-pollination. However, the labour of pollination is not 
required, and the trials are much less complex than those 
containing seed produced by control-pollination. If well 
designed, open-pollinated trials can give reliable estimates of 
the general combining ability of the known parents (Wright, 
1958). Although Wright noted that the rate of genetic gain 
in such a programme would usually be below the maximum, he 
also considered an improvement programme could be based entirely 
on the results of progeny tests of open-pollinated seed. Work 
involved with this type of pollination is less and large 
numbers of seeds can easily be obtained. Thus, it could be 
most suitable to apply initially for tree breeding programmes 
in Burma or other areas where funds and research staff are 
limited.
10.3.2 Control-pollination of teak
Techniques for the contro1-po1linat ion of teak have been 
studied by Bryndum and Hedegart (1969) in Thailand. These 
authors found the teak flower opens a few hours after sunrise, 
pollination is completed the same day,and the corolla together 
with the anthers which are attached to it fall off in the 
evening or the next morning. If, however, no fertilization 
occurs, the whole flower including the pistil is shed. When 
the flower opens, the anthers are flat with no pollen visible.
1Within one hour, the anthers swell, become fully inflated, 
and small quantities of pollen appear. By midday, thick belts 
of pollen are present. The authors concluded that when control 
pollination is required, isolation and emasculation must be 
carried out within one hour of the flowers becoming fully 
opened. Artificial pollination may be effected by rubbing a 
freshly cut anther gently against the stigma using a pair of 
tweezers. Alternatively, a small brush can be used to apply 
the pollen.
Bryndum and Hedegart also determined the optimum period 
for control-pollination by studies including crossings and 
selfings of 14 trees aged 7 - 3 0  years. The pollination 
process was carried out at four different periods during the 
day. Pollinations carried out between
(i) 8 a.m. and 9 a.m. gave 23 per cent fruit yield
(ii) 10 a.m. and 11 a.m. gave 42 per cent fruit yield
(iii) 12 noon and 3 p.m. gave 40 per cent fruit yield
(iv) 4 p.m. and 6 p.m. gave 16 per cent fruit yield
Thus, the optimum period of pollination appeared to be between 
10 a.m. and 3 p.m.
The experiment also demonstrated that the species was 
primarily outbreeding, but that self-fertilization was possible. 
Cross-pollinated flowers gave a higher fruit yield (27 per 
cent) than did se1f-po1linated flowers (1 per cent). In 
addition, the seed from the cross-pollination gave better 
germination than that from the self-pollination, 90 per cent as 
against 13 per cent respectively.
The requirements for control-po1lination of teak are 
therefore stringent. The number of flowers which could be
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e m a s c u l a t e d  b y  e a c h  w o r k e r  w o u l d  be  v e r y  l i m i t e d  i n  t h e  
a v a i l a b l e  t i m e  ( a p p r o x i m a t e l y  o n e  h o u r  d a i l y ) . The  c o s t  o f  
a l a r g e  s c a l e  c o n t r o 1 - p o 1 l i n a t e d  t e s t i n g  p r o g r a m m e  t h u s  a p p e a r s  
a l m o s t  p r o h i b i t i v e .
1 0 . 4  V e g e t a t i v e  r e p r o d u c t i o n  o f  t e a k
V e g e t a t i v e  r e p r o d u c t i o n  h a s  b e e n  c ommonl y  u s e d  t o  
p r o p a g a t e  t e a k  t r e e s  f o r  b r e e d i n g  p u r p o s e s  ( C h a l m e r s ,  1 9 6 2 ;  
K e d h a r n a t h  and  M a t t h e w s ,  1962 ; C a m e r o n ,  1 9 6 6 ;  H e d e g a r t ,  1971)  . 
T h i s  may be  d o n e  by  b u d d i n g ,  g r a f t i n g ,  o r  c u t t i n g s .  B u d d i n g  
i s  m o s t  g e n e r a l l y  u s e d  as  i t  g i v e s  a h i g h  s u r v i v a l  p e r c e n t a g e ,  
r e q u i r e s  l e s s  a t t e n t i o n  a nd  ma kes  mor e  e c o n o m i c a l  u s e  o f  
s c i o n  m a t e r i a l  t h a n  o t h e r  m e t h o d s  ( C h a l m e r s ,  1 9 6 2 ) .  O u t l i n e s  
f o r  e a c h  m e t h o d  f o l l o w .
1 0 . 4 . 1  B u d d i n g
The m e t h o d  i s  b a s e d  on a t e c h n i q u e  u s e d  e x t e n s i v e l y  f o r  
b u d d i n g  o f  r u b b e r  t r e e s  ( H e v e a  b r a s i l i e n s i s  Mue1 1 .  A r g . )  known 
as  ' f o r k e r t  b u d d i n g *  ( K e i d i n g  a n d  B o o n k i r d ,  1 9 6 0 ;  C h a l m e r s ,
1962 ; K e d h a r n a t h  a n d  M a t t h e w s ,  1962 ; H o r n e ,  1966)  . The  m e t h o d  
h a s  b e e n  d e s c r i b e d  i n  d e t a i l  f o r  t e a k  b y  H o r n e .  B r a n c h e s  a r e  
c o l l e c t e d  f r o m t h e  u p p e r  o r  o u t e r  c r o w n s  o f  t h e  p l u s  t r e e s  
a n d  i n d i v i d u a l  b u d  p a t c h e s  a r e  c u t  f r o m  t h e s e  b r a n c h e s  by  
s l i c i n g  o f f  p i e c e s  o f  b a r k  a b o u t  f i v e  c e n t i m e t r e s  l o n g .  The  
b u d  i s  i n s e r t e d  a b o u t  0 . 3  m e t r e  a b o v e  t h e  g r o u n d  on a one  y e a r  
o l d  s t o c k  p l a n t .  Two v e r t i c a l  i n c i s i o n s  f o r m i n g  a p o i n t e d  a r c  
a b o u t  f i v e  c e n t i m e t r e s  l o n g  a r e  made  i n  t h e  r i n d .  The r i n d  
f l a p  i s  l i f t e d  a n d  a r e c t a n g u l a r  p i e c e  o f  b u d  f r o m  t h e  s e l e c t e d  
t r e e  i s  p l a c e d  i n s i d e  t h e  e x p o s e d  p a t c h ,  w i t h  t h e  c a mbi um o f
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t h e  p a t c h  i n  c o n t a c t  w i t h  t h a t  o f  t h e  s t o c k  p l a n t .  The  r i n d  
f l a t  i s  t h e n  p u s h e d  b a c k  i n t o  p l a c e  a nd  t h e  u n i o n  c o v e r e d  w i t h  
a p i e c e  o f  p a l m  l e a f  b o u n d  f i r m l y  r o u n d  t h e  b u d  p a t c h .  The  
p a t c h  i s  s h a d e d ,  u s u a l l y  by  l o o s e l y  t y i n g  a l a r g e  t e a k  l e a f  
o v e r  i t .  The  b i n d i n g  i s  r e m o v e d  10 - 14 d a y s  l a t e r ,  and  t h e  
f l a p  o f  r i n d  c u t  o f f ,  e x p o s i n g  t h e  b u d  p a t c h .  As s o o n  as 
t h e  b u d  s t a r t s  t o  o p e n  t h e  s t o c k  p l a n t  i s  c u t  o f f  a p p r o x i ­
m a t e l y  15 cm a b o v e  t h e  u n i o n .  U s u a l l y  b u d s  commence  s p r o u t i n g  
f o u r  t o  e i g h t  d a y s  a f t e r  e x p o s u r e  o f  t h e  p a t c h  ( K e i d i n g ,  1 9 5 9 ;  
K e d h a r n a t h  a n d  M a t t h e w s ,  1 9 6 2 ) .
M i n o r  m o d i f i c a t i o n s  t o  t h e  p r a c t i c e  a r e  u s u a l  i n  
T r i n i d a d  a n d  T h a i l a n d .  I n  T r i n i d a d ,  ' s h i e l d  b u d d i n g '  u s i n g  
a ' T '  s h a p e d  i n c i s i o n  i s  p r e f e r r e d  ( C h a l m e r s ,  1 9 6 2 ) .  I n  
T h a i l a n d ,  ' o p e n - t w o - f l a p ' b u d d i n g  i s  u s e d  ( H e d e g a r t ,  1 9 7 1 ) .
I n  t h i s  m e t h o d ,  a p i e c e  o f  b a r k  i s  r e m o v e d ,  a n d  t wo  f l a p s  a r e  
made o n e  a b o v e  a n d  one  b e l o w  t h e  a r e a  w i t h o u t  b a r k .  Th e  b u d  
f r o m  t h e  s e l e c t e d  t r e e  i s  i n s e r t e d  b e t w e e n  t h e  t wo f l a p s  
f o l l o w e d  b y  n o r m a l  b i n d i n g .  H e d e g a r t  c l a i m e d  t h e  b u d s ,  e s p e c i a l l y  
t h e  l a r g e r  o n e s ,  a r e  l e s s  d a m a g e d  b y  t h i s  m e t h o d  t h a n  b y  t h e  
f o r k e r t  b u d d i n g  m e t h o d .
1 0 . 4 . 2  G r a f t i n g
Work on g r a f t i n g  t e c h n i q u e  was  c a r r i e d  o u t  i n  I n d i a  by 
Ra wa t  a n d  K e d h a r n a t h  ( 196 8 ) .  Two t o  t h r e e  y e a r  o l d  r o o t  s t o c k s  
w e r e  u s e d  a nd  c l e f t  g r a f t s  w e r e  made on t h e  p o r t i o n  o f  t h e  
s t e m s  1 - 3 cm i n  d i a m e t e r .  The  s c i o n s  w e r e  c o l l e c t e d  f r o m 
t h e  u p p e r m o s t  t h i r d  o f  t h e  s e l e c t e d  t r e e s .  F o r  g r a f t i n g ,  e a c h  
was  c u t  t o  a we d g e  s h a p e  5 - 6 cm i n  l e n g t h  w h i l s t  e a c h  r o o t  
s t o c k  was  t i p p e d  a n d  h a d  t h e  s t e m  c u t  v e r t i c a l l y  t o  a d e p t h  o f
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5 - 6  cm.  The  p r e p a r e d  s c i o n  was  i n s e r t e d  i n t o  t h e  c l e f t  
a n d  t h e  c a m b i a  o f  t h e  s t o c k  a l i g n e d  w i t h  t h a t  o f  t h e  s c i o n .
The  u n i o n  was  t i e d  w i t h  j u t e  t h r e a d s  w i t h  a l k a t h e n e  r i b b o n s  
o v e r  t h e  j u t e  t o  s e a l  t h e  j o i n t .  The  b i n d i n g s  w e r e  r e m o v e d  
when  a u n i o n  was  e s t a b l i s h e d ,  e v i d e n t  f r o m  t h e  p r e s e n c e  o f  
new s p r o u t s .  T h i s  u s u a l l y  o c c u r r e d  f r o m f o u r  t o  f i v e  we e k s  
a f t e r  g r a f t i n g .
Ra wa t  a n d  K e d h a r n a t h  ( 1968)  d e t e r m i n e d  t h e  o p t i mu m 
s e a s o n  f o r  g r a f t i n g  by  c o m p a r i n g  r e s u l t s  f r o m  t r i a l s  i n  t h e  
m o n t h s  o f  M a r c h ,  A p r i l ,  May a n d  J u n e  a t  D e h r a  Du n ,  I n d i a  
( s e e  T a b l e  34)  . Th e y  f o u n d  a c l e a r  a d v a n t a g e  was  g a i n e d  by  
g r a f t i n g  a t  t h e  b e g i n n i n g  o f  t h e  r a i n y  s e a s o n  i n  A p r i l  a n d  May.  
H o w e v e r ,  t h e  o p t i m u m  t i m e  f o r  g r a f t i n g  i n  o t h e r  l o c a l i t i e s  
c o u l d  be  d i f f e r e n t  a n d  l o c a l  s t u d i e s  w o u l d  be  n e c e s s a r y .
T a b l e  3 4 .  P e r c e n t a g e  o f  ' t a k e *  i n  c l e f t  g r a f t i n g  a t  d i f f e r e n t
m o n t h s  o f  t h e  y e a r  as  g i v e n  by  Ra wa t  and  
K e d h a r n a t h  ( 1 9 6 8 )
Mon t h s 1963
(%)
1964
(%)
1965
(%)
1966
(%)
A v e r a g e  f o r  
4 y e a r s  (%)
Ma r c h 40 35 25 40 35
A p r i  1 80 90 80 85 84
May 90 95 85 90 90
J u n e 25 30 25 35 29
1 0 . 4 . 3  C u t t i n g s
A p r o c e d u r e  f o r  s t r i k i n g  c u t t i n g s  o f  t e a k  h a s  b e e n  o u t l i n e d  
b y  C h a l m e r s  ( 1 9 6 2 ) .  C u t t i n g s  23 - 30 cm l o n g ,  w i t h  t e r m i n a l
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b u d s ,  w e r e  c o l l e c t e d  f r o m  t h e  c r o wn  o f  p l u s  t r e e s  b e f o r e  
f l u s h i n g .  The  c u t t i n g s  w e r e  g e n e r a l l y  k e p t  i n  p o l y t h e n e  b a g s  
a f t e r  c o l l e c t i o n  a n d  s e t  o u t  i n  t h e  f i e l d  w i t h i n  48 h o u r s .
The  t i m e  o f  c o l l e c t i o n  o f  c u t t i n g s  i s  an i m p o r t a n t  f a c t o r  
i n  r o o t i n g  s u c c e s s .  I n  T r i n i d a d ,  c u t t i n g s  c o l l e c t e d  i n  m i d -  
A p r i l  g a v e  57  p e r  c e n t  s u c c e s s ,  t h o s e  c o l l e c t e d  i n  mi d - Ma y  g a v e  
36 p e r  c e n t  s u c c e s s ,  w h i l e  t h o s e  c o l l e c t e d  i n  J u l y  w e r e  a 
c o m p l e t e  f a i l u r e  ( C h a l m e r s ,  1 9 6 2 ) .
1 0 . 5  E s t a b l i s h m e n t  o f  s e e d  o r c h a r d
L a r g e  q u a n t i t i e s  o f  i m p r o v e d  s e e d  o f  o u t b r e e d i n g  t r e e  
s p e c i e s  a r e  u s u a l l y  p r o d u c e d  by  me a n s  o f  s e e d  o r c h a r d s  ( Z o b e l  
e t  a 1 • > 1 9 5 8 ;  H e d e g a r t ,  1971 )  . U s u a l l y  i n  s u c h  o r c h a r d s  c l o n e s  
o f  s e l e c t e d  t r e e s  a r e  e s t a b l i s h e d  i n  a p a t t e r n  f a c i l i t a t i n g  
c r o s s - p o 1 1 i n  a t i o n  b e t w e e n  t h e m.  I n  s ome  c a s e s ,  s e e d l i n g  r a t h e r  
t h a n  c l o n a l  o r c h a r d s  may b e  u s e d  ( Z o b e l  ejt  j Q .  , 1 9 5 8 ) .  H o w e v e r ,  
s e e d l i n g  o r c h a r d s  w o u l d  a p p e a r  t o  b e  u n s u i t a b l e  f o r  t e a k  as 
l a t e  f l o w e r i n g  i s  a h i g h l y  d e s i r a b l e  c h a r a c t e r i s t i c  ( s e e  
s e c t i o n s  5 . 1  a n d  8 . 2 ) .  T h u s ,  c l o n a l  o r c h a r d s  s h o u l d  b e  p r e f e r r e d  
p a r t i c u l a r l y  as s i m p l e  v e g e t a t i v e  p r o p a g a t i o n  i s  p o s s i b l e .
K e d h a r n a t h  a n d  M a t t h e w s  ( 1962)  c o n s i d e r e d  s e e d  o r c h a r d s  
s h o u l d  h a v e  f e r t i l e  s o i l ,  c a p a b l e  o f  g r o w i n g  g o o d  q u a l i t y  t e a k ,  
a n d  b e  a t  l e a s t  f o u r  h e c t a r e s  i n  a r e a .  An a r e a  o f  a p p r o x i m a t e l y  
e i g h t  h e c t a r e s  was  c o n s i d e r e d  t o  b e  a b e t t e r  s i z e  as  on t h e s e  
l a r g e r  a r e a s  a l a r g e r  q u a n t i t y  o f  p o l l e n  i s  p r o d u c e d .  M a n a g e m e n t  
o f  l a r g e r  b l o c k s  i s  a l s o  u s u a l l y  s i m p l e r .  H o w e v e r ,  o r c h a r d  s i z e  
w o u l d  a l s o  a p p e a r  t o  be  d e t e r m i n e d  by s e e d  y i e l d s  a nd  s e e d  
r e q u i r e m e n t s  w h i c h  may v a r y  f o r  d i f f e r e n t  l o c a t i o n s  i n  d i f f e r e n t
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c o u n t r i e s .  F o r  e x a m p l e ,  a s u i t a b l e  s i z e  f o r  t e a k  s e e d  o r c h a r d s  
i n  T h a i l a n d  i s  c o n s i d e r e d  t o  be  25 h e c t a r e s  ( H e d e g a r t ,  1 9 7 1 ) .
K e d h a r n a t h  a n d  M a t t h e w s  ( 1962)  s p e c i f y  a s e e d  o r c h a r d  
s i t e  s h o u l d  be  i s o l a t e d  f r o m  o t h e r  t e a k  s t a n d s  by  a t  l e a s t  400 
m e t r e s .  I f  t h e r e  s h o u l d  b e  o t h e r  s e e d  o r c h a r d s  i n  t h e  l o c a l i t y  
r e p r e s e n t i n g  t e a k  f r o m d i f f e r e n t  f o r e s t  t y p e s ,  p o l l e n  b a r r i e r s  
w i t h  a w i d t h  o f  a p p r o x i m a t e l y  100 m e t r e s  c o m p o s e d  o f  u n r e l a t e d  
s p e c i e s  s h o u l d  be  e s t a b l i s h e d .  K e d h a r n a t h  a n d  M a t t h e w s  
c o n s i d e r e d  b e t w e e n  30 - 60 c l o n e s  s h o u l d  be  i n c o r p o r a t e d  i n  one  
s e e d  o r c h a r d ,  s o  t h a t  e a c h  h a s  an e q u a l  c h a n c e  o f  b e i n g  
p o l l i n a t e d  b y  a l l  o t h e r s .  The  a r r a n g e m e n t  s h o u l d  a l s o  a l l o w  a 
b a l a n c e d  m i x t u r e  o f  c l o n e s  t o  be  r e t a i n e d  a f t e r  t h i n n i n g s .
As t r e e s  i n  s e e d  o r c h a r d s  a r e  r e q u i r e d  o n l y f o r  s e e d  
p r o d u c t i o n ,  w i d e  i n i t i a l  s p a c i n g  w i t h  t h e  l e a s t  n u m b e r  o f  
t h i n n i n g s  i s  d e s i r a b l e .  T h i s  i s  mor e  e c o n o m i c a l ,  a n d  p r o b a b l y  
p r o m o t e s  b e t t e r  c r o wn  d e v e l o p m e n t  a n d  s e e d  y i e l d .  H o w e v e r ,  
we e d  s u p p r e s s i o n  a n d  e l i m i n a t i o n  o f  t r e e s  f o u n d  t o  be  g e n e t i c a l l y  
i n f e r i o r  s h o u l d  a l s o  b e  c o n s i d e r e d  i n  d e t e r m i n i n g  i n i t i a l  
s p a c i n g .  T h u s ,  K e d h a r n a t h  a n d  M a t t h e w s  ( 1962)  s u g g e s t e d  an 
i n i t i a l  s p a c i n g  o f  4 m x 4 m,  w i t h  t wo  m e c h a n i c a l  t h i n n i n g s  
r e s u l t i n g  i n  a f i n a l  s p a c i n g  o f  16 m x 16 m. I n  T h a i l a n d ,  an 
i n i t i a l  s p a c i n g  o f  3 m x 3 m was  f o u n d  t o  be  t o o  d e n s e  a n d  
r e s u l t e d  i n  e x c e s s i v e  t h i n n i n g s  ( H e d e g a r t ,  1 9 7 1 ) .
1 0 . 6  Summar y
The  e x i s t e n c e  o f  v a r i a t i o n  i n  t e a k  h a s  b e e n  w e l l  e s t a b l i s h ­
e d  by  t h e  i n i t i a l  p r o v e n a n c e  t r i a l s  c a r r i e d  o u t  i n  v a r i o u s  t e a k  
g r o w i n g  c o u n t r i e s  ( s e e  s e c t i o n  9 . 2 ) .  H o w e v e r ,  t h e  e s t a b l i s h e d
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t r i a l s  a r e  i n s u f f i c i e n t  i n  s c o p e  t o  e n a b l e  r e c o m m e n d a t i o n  
c o n c e r n i n g  p r o v e n a n c e  s e l e c t i o n  t o  b e  m a d e .  The  p e r f o r m a n c e  o f  
v a r i o u s  p r o v e n a n c e s  i n  s p e c i f i c  l o c a l i t i e s  s t i l l  r e m a i n s  t o  be  
d e t e r m i n e d  a n d  s h o u l d  h a v e  a h i g h  p r i o r i t y  i n  a n y  b r e e d i n g  
p r o g r a m m e .  I t  may be  p o s s i b l e  t o  make mo r e  p r e c i s e  r e c o m m e n d ­
a t i o n s  whe n  t h e  e n v i r o n m e n t a l  f a c t o r s  i n f l u e n c i n g  v a r i a t i o n  i n  
t h e  s p e c i e s  a r e  mo r e  f u l l y  u n d e r s t o o d .  The  e x p e r i m e n t  r e p o r t e d  
i n  C h a p t e r  XV was  e s t a b l i s h e d  t o  a s s i s t  i n  t h i s .
I n d i v i d u a l  t r e e  v a r i a t i o n  o f  t h e  l o c a l  p r o v e n a n c e  can  be  
e x p l o i t e d  b y  t r e e  b r e e d i n g  u s i n g  c l o n a l  s e e d  o r c h a r d s .  S e e d l i n g  
s e e d  o r c h a r d s  w o u l d  be  u n s u i t a b l e  as  l a t e  f l o w e r i n g  i s  a 
d e s i r a b l e  c h a r a c t e r i s t i c .  M o r e o v e r ,  t h e  s p e c i e s  c a n  be  e a s i l y  
p r o p a g a t e d  ve  ge t  a t i  ve  l y  . P r o g e n y  t e s t i n g  by  me a ns  o f  c o n t r o l -  
p o l l i n a t e d  s e e d  a p p e a r s  t o o  i n v o l v e d  a n d  e x p e n s i v e .  The  u s e  
o f  o p e n - p o 1 1 i n  a t e d  s e e d  i s  r e c o m m e n d e d  f o r  t r i a l s  as  i t  i s  
c h e a p e r  a n d  mo r e  e a s i l y  a v a i l a b l e  i n  q u a n t i t y .
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CHAPTER XI
THE NEED FOR EXPERIMENTAL STUDIES AND DETAILS OF 
THE EXPERIMENTS CONDUCTED
1 1 . 1  I m p o r t a n c e  o f  e x p e r i m e n t a l  s t u d i e s
I n  a p l a n t a t i o n  e s t a b l i s h m e n t  p r o g r a m m e ,  p a r t i c u l a r l y  
w h e r e  t h e  i n t r o d u c t i o n  o f  an  e x o t i c  s p e c i e s  i s  c o n s i d e r e d ,  
i t  i s  i m p o r t a n t  t o  h a v e  s ome  k n o w l e d g e  o f  t h e  v a r i a t i o n  
p a t t e r n s  w i t h i n  t h e  s p e c i e s  c o n c e r n e d .  An u n d e r s t a n d i n g  o f  
t h e  r e s p o n s e  o f  t h e  p r o v e n a n c e s  t o  t h e  m a j o r  c l i m a t i c  f a c t o r s  
i s  p a r t i c u l a r l y  i m p o r t a n t .  T h i s  w i l l  f a c i l i t a t e  a mor e  
p r e c i s e  s e l e c t i o n  o f  p r o v e n a n c e s  f o r  p r o v e n a n c e  t r i a l  o r  f o r  
p l a n t i n g .
I n  t h e  r e v i e w  on v a r i a t i o n  i n  t r e e  s p e c i e s  i n  C h a p t e r  I X,  
w i d e s p r e a d  s t u d i e s  i n d i c a t e d  t h e  e x i s t e n c e  o f  v a r i a t i o n  i n  
t e a k  i n  v o l u m e  p r o d u c t i o n ,  t i m b e r  q u a l i t i e s  a n d  s u r v i v a l .
H o w e v e r ,  t h e  t r i a l s  w e r e  i n s u f f i c i e n t  t o  p e r m i t  t h e  m a k i n g  
o f  d e t a i l e d  r e c o m m e n d a t i o n s  c o n c e r n i n g  p r o v e n a n c e  s e l e c t i o n .
To e s t a b l i s h  d e t a i l s  o f  t h e  v a r i a t i o n  p a t t e r n s  w i t h i n  t h e  s p e c i e s ,  
e x t e n s i v e  p r o v e n a n c e  t r i a l s  s h o u l d  b e  e s t a b l i s h e d  i n  as  many 
a r e a s  as p o s s i b l e ,  a n d  p a r t i c u l a r l y  i n  a r e a s  u s e d ,  o r  c o n s i d e r e d  
t o  be  u s e d ,  f o r  t e a k  p l a n t a t i o n .  To a s s i s t  t h e  e s t a b l i s h m e n t  o f  
s u c h  t r i a l s ,  16 p r o v e n a n c e s  f r o m  t h e  n a t u r a l  t e a k  z one  w e r e  
p r o p o s e d  as a b a s i c  mi n i mum f o r  t h e s e  s t u d i e s .  The  d i v i s i o n  
o f  t h e  p r o p o s e d  p r o v e n a n c e s  b e i n g  b a s e d  on l a t i t u d e ,  r a i n f a l l  
a n d  t e m p e r a t u r e .
B e f o r e  p r o v e n a n c e  r e s u l t s  a r e  a v a i l a b l e ,  t h e  p l a n t a t i o n  
p r o g r a m m e  w i l l  g e n e r a l l y  b e  p r o g r e s s i n g .  I n f o r m a t i o n  c o n c e r n i n g
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t h e  f a c t o r s  c o n t r o l l i n g  d e v e l o p m e n t  a n d  v a r i a t i o n  i n  t h e  s p e c i e s  
i s  t h e r e f o r e  mo s t  d e s i r a b l e .  S u c h  i n f o r m a t i o n  w o u l d  h e l p  i n  
t h e  t e n t a t i v e  p r o v e n a n c e  s e l e c t i o n  n e c e s s a r y  t o  p e r m i t  
p l a n t a t i o n  e s t a b l i s h m e n t  t o  p r o c e e d  b e f o r e  d e t a i l e d  r e s u l t s  
a r e  a v a i 1 a b l e .
Fr om t h e  w i d e  d i s t r i b u t i o n  o f  t h e  s p e c i e s  ( s e e  C h a p t e r  I V ) , 
i t  i s  c l e a r  t h e  s p e c i e s  g e n e r a l l y  w i l l  t o l e r a t e  a w i d e  r a n g e  o f  
c l i m a t i c  c o n d i t i o n s .  T h i s  a l s o  s u g g e s t s  t h a t  v a r i a t i o n  e x i s t s  
w i t h i n  t h e  s p e c i e s  as  c l i m a t i c  f a c t o r s  a r e  o f t e n  i m p o r t a n t  
n a t u r a l  s e l e c t i o n  f o r c e s ,  a s u g g e s t i o n  s u p p o r t e d  b y  t h e  
r e s u l t s  o f  t h e  p r o v e n a n c e  t r i a l s  t o  d a t e  ( s e c t i o n  9 . 2 ) .
C l i m a t e  e x e r c i s e s  i t s  i n f l u e n c e  on t h e  r e s p o n s e  i n  t r e e  s p e c i e s  
m a i n l y  t h r o u g h  t h e  a g e n c i e s  o f  t e m p e r a t u r e ,  l i g h t  a n d  w a t e r  
( C a l l a h a m ,  1962 ; T r e s h o w ,  1 9 7 0 ) .  T h u s ,  i n  o r d e r  t o  be  a b l e  
t o  g i v e  mo r e  p r e c i s e  p r e s c r i p t i o n  f o r  s e l e c t i o n  o f  p r o v e n a n c e  
f o r  a p a r t i c u l a r  a r e a ,  u n d e r s t a n d i n g  o f  t h e  r e s p o n s e  o f  t h e  
s p e c i e s  t o  t e m p e r a t u r e ,  l i g h t  a n d  w a t e r  r e g i m e s  i s  n e c e s s a r y .  
D e t a i l  o f  t h e  r a i n f a l l  a n d  t e m p e r a t u r e  r e g i m e s  w i t h i n  w h i c h  
t e a k  o c c u r s  n a t u r a l l y  h a v e  b e e n  r e c o r d e d  ( s e e  C h a p t e r  I V ) , 
b u t  i n f o r m a t i o n  on t h e  r e s p o n s e  o f  t h e  s p e c i e s  t o  t e m p e r a t u r e ,  
p h o t o p e r i o d  a n d  w a t e r  i s  s o  f a r  n o t  a v a i l a b l e .
1 1 . 2  E x p e r i m e n t s  c o n d u c t e d  a n d  f a c i l i t i e s  u s e d
1 1 . 2 . 1  G e n e r a l
As c o n t r o l l e d  e n v i r o n m e n t  f a c i l i t i e s  w e r e  a v a i l a b l e  
i n  C a n b e r r a  i t  was p o s s i b l e  t o  make  p r e l i m i n a r y  s t u d i e s  t o  
d e t e r m i n e  t h e  i m p o r t a n c e  o f  t e m p e r a t u r e  a n d  d a y l e n g t h  t o  t h e  
d e v e l o p m e n t  o f  t e a k .  T h r e e  s e p a r a t e  e x p e r i m e n t s  w e r e  c o n d u c t e d ,
n a m e l y :
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( i )  t h e  e f f e c t  o f  l ow t e m p e r a t u r e  r e g i m e s  on t e a k  
s e e d l i n g s
( i i )  t h e  e f f e c t  o f  p h o t o p e r i o d  a n d  n i g h t  t e m p e r a t u r e  on 
t e a k  s e e d l i n g s
( i i i )  t h e  e f f e c t  o f  d a y  a n d  n i g h t  t e m p e r a t u r e s  on t h e
d e v e l o p m e n t  o f  f i v e  p r o v e n a n c e s  o f  t e a k  s e e d l i n g s .
The  e x p e r i m e n t  c a r r i e d  o u t  i n  T h a i l a n d  b y  H e d e g a r t  ( s e e  
s e c t i o n  9 . 2 )  a n d  e x p e r i e n c e  i n  Bur ma  ( s e e  s e c t i o n  5 . 3 ) ,  s u g g e s t  
t h a t  v i a b i l i t y  o f  t e a k  s e e d  v a r i e s  w i t h  p r o v e n a n c e .  G e r m i n a t i o n  
o f  s e e d s  o f  t h e  f i v e  p r o v e n a n c e s  s t u d i e d  was  t h e r e f o r e  a l s o  
c o m p a r e d  i n  a s e p a r a t e  e x p e r i m e n t ,  u s i n g  t h e  m e t h o d  o f  
a s s e s s i n g  g e r m i n a t i o n  d e t a i l e d  i n  s u b - s e c t i o n  5 . 4 . 3 .
1 1 . 2 . 2  F a c i 1i t i e s  u s e d
The  s e e d l i n g s  w e r e  g e r m i n a t e d  a n d  g r o wn  i n  n a t u r a l l y  
l i t  g l a s s h o u s e s  o f  C . S . I . R . O .  p h y t o t r o n  m a i n t a i n e d  a t  c o n s t a n t  
t e m p e r a t u r e  r e g i m e s .  The  d a y  t e m p e r a t u r e s  a v a i l a b l e  i n  
t h e s e  g l a s s h o u s e s  r a n g e  f r o m  15°C t o  3 6 ° C ,  a n d  n i g h t  t e m p ­
e r a t u r e s  f r o m 10°C t o  3 1 ° C .  The  d a y  t e m p e r a t u r e s  a r e  h e l d  
f r o m  8 . 3 0  a . m .  t o  4 . 3 0  p . m . ,  a n d  n i g h t  t e m p e r a t u r e s  f o r  t h e  
r e m a i n i n g  16 h o u r s .  E a c h  g l a s s h o u s e  h a s  a n i g h t  t e m p e r a t u r e  
5°C b e l o w  t h e  r e s p e c t i v e  d a y  t e m p e r a t u r e .  D i f f e r e n t  d a y  a n d  
n i g h t  t e m p e r a t u r e  c o m b i n a t i o n s  c a n  be  o b t a i n e d  by  m o v i n g  p l a n t s  
on t r o l l e y s  b e t w e e n  g l a s s h o u s e s  w i t h  t h e  r e q u i r e d  t e m p e r a t u r e s  
a t  8 . 3 0  a . m .  a n d  4 . 3 0  p . m .  d a i l y .  The  n a t u r a l  d a y l e n g t h  i n  a l l  
g l a s s h o u s e s  i s  e x t e n d e d  t o  16 h o u r s  by  me a n s  o f  l ow i n t e n s i t y  
i n c a n d e s c e n t  l a mp s  w h i c h  p r o v i d e  i l l u m i n a t i o n  o f  25 f c .  a t  
p l a n t  h e i g h t  ( 4 . 0 0  a . m .  t o  8 . 0 0  p . m . )  t h r o u g h o u t  t h e  y e a r ,  and  
t h e  r e l a t i v e  h u m i d i t y  i s  k e p t  a b o v e  40 p e r  c e n t  i n  a l l  g l a s s -
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h o u s e s  ( A n o n ,  1 9 7 0 b ) .
P h o t  o p e r i o d i c  e x p e r i m e n t s  w e r e  c o n d u c t e d  i n  B - c a b i n e t s  
( Mo r s e  a n d  E v a n s ,  1 9 6 2 ;  A n o n ,  1 9 7 0 b ) .  T h e s e  c a b i n e t s  a r e  
a l s o  n a t u r a l l y  i l l u m i n a t e d ,  b u t  t h e  p e r i o d  o f  i l l u m i n a t i o n  
c a n  be l i m i t e d  b y  a u t o m a t i c  s h u t t e r s ,  and  e x t e n s i o n  o f  p h o t o ­
p e r i o d  i s  p r o v i d e d  f o r  b y  i n c a n d e s c e n t  l a mp s  g i v i n g  i n t e n s i t y  
o f  25 f c .  a t  p l a n t  h e i g h t .  The  B - c a b i n e t s  u s e d  w e r e  o p e n  t o  
n a t u r a l  d a y l i g h t  f r o m  8 . 3 0  a . m .  t o  4 . 3 0  p . m .  w i t h  t h e  s u p p l e ­
m e n t a r y  l i g h t  u s e d  f o r  t h e  r e q u i r e d  a d d i t i o n a l  p h o t o p e r i o d .
To m a i n t a i n  c o n s i s t e n c y ,  t h e  t e m p e r a t u r e  r e g i m e s  a p p l i e d  f o l l o w ­
e d  t h o s e  u s u a l  i n  t h e  o p e n  g l a s s h o u s e  w i t h  d a y  t e m p e r a t u r e  
m a i n t a i n e d  f r o m  8 . 3 0  a . m .  t o  4 . 3 0  p . m . ,  a n d  n i g h t  t e m p e r a t u r e  
f o r  t h e  r e m a i n i n g  16 h o u r s .
T h r o u g h o u t  a l l  e x p e r i m e n t s  w a t e r i n g  was  d o n e  w i t h  
m o d i f i e d  H o a g l a n d  s o l u t i o n  ( s e e  A p p e n d i x  I I I )  a t  8 . 3 0  a . m .  
a n d  w i t h  t a p  w a t e r  a t  12 n o o n ,  a n d  3 . 3 0  p . m .  d a i l y .
1 1 . 3  A s s e s s m e n t  p r o c e d u r e s
1 1 . 3 . 1  G e n e r a l
P l a n t  h e i g h t s  w e r e  m e a s u r e d  f r o m  c o t y l e d o n  l e v e l  t o  t h e  
p o i n t  w h e r e  t h e  l a s t  p a i r  o f  l e a v e s  s p l i t .  The  c o t y l e d o n s  
w e r e  n o r m a l l y  s i t u a t e d  b e l o w  t h e  f i r s t  l e a f  p a i r  a n d  a p p r o x i ­
m a t e l y  o n e h a l f - c e n t i m e  t r e  a b o v e  t h e  l e v e l  o f  g r o w t h  me d i u m 
m i x t u r e .  S l i d e  v e r n i e r  c a l i p e r s  w e r e  u s e d  f o r  d i a m e t e r  
m e a s u r e m e n t s ,  t a k e n  a t  t h e  m i d - p o i n t  b e t w e e n  t h e  f i r s t  a n d  
t h e  s e c o n d  p a i r  o f  l e a v e s  i n  a d i r e c t i o n  p a r a l l e l  t o  t h e  
s e c o n d  p a i r  o f  l e a v e s .
L e a f  a r e a s  w e r e  m e a s u r e d  w i t h  an a i r f l o w  p l a n i m e t e r  as 
d e s c r i b e d  b y  J e n k i n s  ( 1 9 5 9 )  ( F i g u r e  1 1 ) .  T h i s  b a s i c a l l y
FLOWMETER
MEASURING GRID 
AND SLIDE
SPECIMEN GRID 
WITH LEAF
PUMP
MOTOR
BENCH
TOP
AIRTIGHT
DRUM
F i g u r e  11 D i a g r a m  s h o w i n g  t h e  w o r k i n g  p r i n c i p l e  o f  an 
a i r f l o w  p i  an i  me t e r .
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c o n s i s t s  o f  i d e n t i c a l l y  p e r f o r a t e d  p l a t e s  m o u n t e d  i n  t h e  t o p  
o f  an a i r t i g h t  d r u m ,  w h i c h  i s  c o n n e c t e d  t o  a c o n s t a n t  s p e e d  
r o t a r y  p u m p .  One p l a t e  ( s p e c i m e n  g r i d )  i s  u n c o v e r e d ,  w h i l e  
t h e  o t h e r  ( m e a s u r i n g  g r i d )  i s  c o v e r e d  b y  an a i r - t i g h t  s l i d e .
The  p r e s s u r e  w i t h i n  t h e  d r u m ,  w h i c h  i s  shown on t h e  f l o w m e t e r  
i s  n o t e d  b e f o r e  a n y  l e a f  i s  m o u n t e d .  L e a v e s  a r e  t h e n  m o u n t e d  
on t h e  s p e c i m e n  p l a t e  a n d  a r e  h e l d  f l a t  b y  s u c t i o n  p r e s s u r e .
The  p r e s s u r e  i n  t h e  d rum i s  r e a d j u s t e d  b a c k  t o  t h e  o r i g i n a l  by  
m o v e m e n t  o f  t h e  s l i d e  c o v e r i n g  t h e  m e a s u r i n g  g r i d .  At  t h i s  
p o i n t  t h e  a r e a  o f  t h e  l e a v e s  i s  e q u a l  t o  t h e  a r e a  o f  t h e  e x p o s e d  
p o r t i o n  o f  t h e  m e a s u r i n g  g r i d .  T h i s  a r e a  i s  r e c o r d e d  by  a 
v e r n i e r  s c a l e  m o u n t e d  on t h e  s l i d e .
I n  o r d e r  t o  d e t e r m i n e  t h e  d r y  w e i g h t s  o f  l e a v e s ,  s t e m s ,  
a n d  r o o t s  s e p a r a t e l y ,  t h e  r o o t s  w e r e  c u t  f r o m  t h e  s t e m  a t  t h e  
j u n c t i o n  o f  t h e  h i g h e s t  r o o t  a n d  t h e  m a i n  s t e m .  S t e m  and  
l e a v e s  ( i n c l u d i n g  p e t i o l e s )  w e r e  a l s o  s e p a r a t e d .  A l l  p o r t i o n s  
w e r e  d r i e d  i n  an ov e n  m a i n t a i n e d  a t  80°C f o r  10 d a y s .  D r i e d  
m a t e r i a l  was  a l l o w e d  t o  c o o l  a n d  s t a b i l i z e  t o  r oom s a t u r a t i o n  
p o i n t  f o r  a t  l e a s t  h a l f  an h o u r  b e f o r e  w e i g h i n g .  L e a v e s ,  
s t e m s  a n d  r o o t s  w e r e  t h e n  w e i g h e d  s e p a r a t e l y .
1 1 . 3 . 2  A s s e s s m e n t  o f  g r o w t h  
( a)  O v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n .
G r o w t h  o f  m a t u r e  t r e e s  i n  t h e  f i e l d  i s  g e n e r a l l y  c o m p a r e d  
by  d i r e c t  m e a s u r e m e n t s  o f  h e i g h t  a n d  d i a m e t e r ,  as  i t  i s  d i f f i ­
c u l t  t o  c a r r y  o u t  d e t a i l e d  p h y s i o l o g i c a l  m e a s u r e m e n t s  on l a r g e  
t r e e s .  M o r e o v e r ,  u s e f u l  d i f f e r e n c e s  b e t w e e n  m a t u r e  t r e e s  
a r e  n o r m a l l y  s u f f i c i e n t l y  l a r g e  t o  b e  a d e q u a t e l y  d e m o n s t r a t e d .
I n  s e e d l i n g s ,  h o w e v e r ,  t h e  d i f f e r e n c e s  i n  g r o w t h  b e t w e e n  
t r e a t m e n t s  may b e  r e l a t i v e l y  s m a l l ,  t h u s  m a k i n g  i t  d i f f i c u l t
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t o  d e m o n s t r a t e  t h e  e f f e c t  o f  t h e  t r e a t m e n t s  by  d i r e c t  
m e a s u r e m e n t s  ( E l d r i d g e ,  1 9 6 9 ) .  M o r e o v e r ,  t h e  s i z e  o f  t h e  
s e e d l i n g s  a t  t h e  t i m e  o f  m e a s u r e m e n t  may w e l l  d e p e n d  u p o n  t h e  
s i z e  o f  t h e  s e e d l i n g s  a t  t h e  s t a r t  o f  an e x p e r i m e n t  ( S w e e t  
a n d  W a r e i n g ,  1 9 6 8 ;  E l d r i d g e ,  1 9 6 9 ) .  S e e d l i n g  s t u d i e s  a s s e s s e d  
b y  d i r e c t  m e a s u r e m e n t  t h u s  r e q u i r e  s e e d l i n g s ,  i d e a l l y ,  t o  b e  
i n i t i a l l y  i d e n t i c a l  i n  s i z e  a n d  t h i s  may b e  i m p r a c t i c a b l e ,  
e s p e c i a l l y  i n  s p e c i e s  l i k e  t e a k  w i t h  s p o r a d i c  g e r m i n a t i o n .
T h u s ,  i n  a s s e s s i n g  g r o w t h  o f  s e e d l i n g s ,  m e t h o d s  i n  w h i c h  i n i t i a l  
s i z e  d o e s  n o t  a f f e c t  t h e  f i n a l  c o m p a r i s o n  a r e  n o r m a l l y  u s e d .
D u n c a n  a n d  H e s k e t h  ( 1 9 6 8 ) ,  c o n s i d e r e d  l e a f  g r o w t h  t o  
be  t h e  b e s t  i n d i c a t o r  o f  a p l a n t ’ s g r o w t h  a n d  t h e y  d e v e l o p e d  
a m e t h o d  o f  c o m p a r i n g  r e l a t i v e  l e a f  g r o w t h  w h e r e  i n i t i a l  s i z e  
o f  t h e  s e e d l i n g s  n e e d  n o t  be  c o n s i d e r e d  a t  a l l .  H o w e v e r ,  t h e  
a u t h o r  f o u n d  t h e  l a r g e  s i z e  a n d  t h e  v e r y  f a s t  g r o w t h  o f  t e a k  
l e a v e s  made  t h i s  m e t h o d  d i f f i c u l t  t o  a p p l y .  M o r e o v e r ,  t h i s  
m e t h o d  g i v e s  o n l y  t h e  c o m p a r i s o n  o f  t h e  n e t  p h o t o s y n t h e s i z i n g  
a r e a ,  a n d  i n t e r n a l  f a c t o r s  o f  g r o w t h ,  s u c h  as  r a t e  o f  
p h o t o s y n t h e s i s , w e r e  n o t  c o n s i d e r e d .
The  m o r e  u s u a l  m e t h o d  f o r  a s s e s s i n g  g r o w t h  i s  t o  u s e  
t h e  c l a s s i c a l  g r o w t h  a n a l y s i s  p r o c e d u r e s  ( F i s h e r ,  1 9 2 0 ;
W i l l i a m s ,  1 9 4 6 ) .  I n  t h e s e ,  p l a n t  g r o w t h  a t  any  t i m e  i s  
c o n s i d e r e d  t o  be  a f u n c t i o n  o f  t h e  s i z e  o f  t h e  p l a n t .  The 
f o r m u l a  f o r  c a l c u l a t i o n  o f  t h e  r e l a t i v e  g r o w t h  r a t e  (RGR) o v e r  
a p e r i o d  o f  t i m e  i s :
l 0 8 e W2 -RGR l o g e W 1
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w h e r e ,  RGR i s  t h e  r e l a t i v e  g r o w t h  r a t e  o f  t h e  d r y  w e i g h t  o f  
t h e  w h o l e  p l a n t ,  t  i s  t h e  t i m e  o f  h a r v e s t s ,  i s  t h e  t o t a l  
d r y  w e i g h t  o f  t h e  w h o l e  p l a n t  a t  t i m e  t ^ , a n d  i s  t h e
t o t a l  d r y  w e i g h t  o f  t h e  w h o l e  p l a n t  a t  t i m e  t ^ . F o r  f u l l e r  
d i s c u s s i o n  o f  t h e  f o r m u l a ,  s e e  W i l l i a m s  ( 1 9 4 6 ) .
R e l a t i v e  g r o w t h  may a l s o  b e  e s t i m a t e d  u s i n g  t h i s  
f o r m u l a  f o r  l e a f  a r e a ,  p l a n t  h e i g h t ,  and  p l a n t  d i a m e t e r  
( E l d r i d g e , 1 9 6 9 ) .
Gr o wt h  i s  c o n s i d e r e d  t o  b e  d i r e c t l y  r e l a t e d  t o  t h e  t wo  
f a c t o r s  ( i )  p h o t o s y n t h e t i c  a r e a  a n d  C ü )  r a t e  o f  p h o t o s y n t h a t e  
p r o d u c t i o n  p e r  a r e a  o f  p h o t o s y n t h e t i c  t i s s u e .
( i )  P h o t o s y n t h e t i c  a r e a  i s  m e a s u r e d  b y  t h e  l e a f  
a r e a  r a t i o :  LAR = ^
w h e r e ,  LAR i s  t h e  l e a f  a r e a  r a t i o ,  L i s  t h e  t o t a l  l e a f  a r e a ,  
a n d  W i s  t h e  t o t a l  d r y  w e i g h t  o f  t h e  w h o l e  p l a n t .
( i i )  The  r a t e  o f  p h o t o s y n t h a t e  p r o d u c t i o n  i s  d e t e r m i n e d  
f r o m t h e  r e l a t i v e  g r o w t h  r a t e  a n d  l e a f  a r e a  r a t i o  a c c o r d i n g  t o  
t h e  r e l a t i o n s h i p
RGR = LAR x NAR,
w h e r e ,  NAR i s  t h e  n e t  a s s i m i l a t i o n  r a t e  o r  t h e  r a t e  o f  p h o t o -  
s y n t h a t e  p r o d u c t i o n  p e r  a r e a  o f  p h o t o s y n t h e t i c  t i s s u e .
The f o r m u l a  m o s t  c o mmo n l y  u s e d  t o  d e t e r m i n e  n e t  
a s s i m i l a t i o n  r a t e  f o l l o w s  f r o m  t h o s e  u s e d  f o r  RGR a n d  LAR.
I t  i s  :
NAR = W2 ~ W1 x 1 ° g e L2 -  l 0 g e L l 
L2 -  L1 l 2 -  *1
w h e r e ,  t  i s  t h e  t i m e  o f  s a m p l i n g ,  i s  t h e  t o t a l  d r y  w e i g h t
o f  t h e  w h o l e  p l a n t  a t  t i m e  t ^ ,  i s  t h e  t o t a l  d r y  w e i g h t  o f  
t h e  w h o l e  p l a n t  a t  t i m e  t ^  , L^ i s  t h e  t o t a l  l e a f  a r e a  a t  
t i m e  t ^ ,  a n d  i s  t h e  t o t a l  l e a f  a r e a  a t  t i m e  . T h i s
f o r m u l a  f o r  NAR ma k e s  t h e  a s s u m p t i o n  t h a t  t h e  r e l a t i o n s h i p  
b e t w e e n  W a n d  L r e m a i n s  c o n s t a n t  o v e r  t h e  p e r i o d  t ^  t o  t ^ .
I n  t h e  e x p e r i m e n t s  c o m p a r i n g  t e a k  s e e d l i n g  p e r f o r m a n c e  
i n  g r o w t h ,  a n d  i n  p a r t i c u l a r  i n  d r y  m a t t e r  p r o d u c t i o n ,  b o t h  
d i r e c t  a n d  i n d i r e c t  m e a s u r e s  w e r e  u s e d .  M e a s u r e m e n t s  w e r e  made 
o f  t o t a l  d r y  w e i g h t ,  t o t a l  l e a f  a r e a ,  d i a m e t e r  i n c r e m e n t ,  
r e l a t i v e  d i a m e t e r  g r o w t h ,  h e i g h t  i n c r e m e n t ,  r e l a t i v e  h e i g h t  
g r o w t h ,  RGR, NAR, a n d  LAR.
( b ) Dry m a t t e r  d i s t r i b u t i o n
Th e  p r o p o r t i o n  o f  p h o t o s y n t h a t e  d i s t r i b u t e d  t o  v a r i o u s  
p a r t s  o f  a p l a n t  h a s  l o n g  b e e n  c o n s i d e r e d  as  i m p o r t a n t  a n d  t h e  
s h o o t / r o o t  d r y  w e i g h t  r a t i o  h a s  f r e q u e n t l y  b e e n  c i t e d  as  an 
i m p o r t a n t  m e a s u r e .  T h i s  i s  b e c a u s e  t h e  d e v e l o p m e n t  o f  a p l a n t  
i s  c r i t i c a l l y  c o n t r o l l e d  b y  t h e  b a l a n c e  b e t w e e n  t h e  s h o o t  a nd  
r o o t  d e v e l o p m e n t  ( K r a m e r ,  1 9 5 8 ;  K r a m e r  a n d  K o z l o w s k i ,  1 9 6 0 ;  
K o z l o w s k i ,  1 9 6 2 ,  1 9 7 1 ;  L e d i g  a n d  P e r r y ,  1 9 6 5 ) .  S t r e s s  by  any  
i n d i v i d u a l  e n v i r o n m e n t a l  f a c t o r  n o r m a l l y  r e s u l t s  i n  a c h a n g e  o f  
s h o o t / r o o t  r a t i o : .  Many i n v e s t i g a t o r s  h a v e  u s e d  t h i s  r a t i o  t o  
d e t e r m i n e  t h e  e f f e c t  o f  e n v i r o n m e n t a l  f a c t o r s  on t h e  d i s t r i ­
b u t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  t h e  s h o o t  a n d  r o o t  ( L e d i g  and  
P e r r y ,  1965 ; L e d i g ,  e_t al_. , 19 7 0 ) .  H o w e v e r ,  L e d i g  a n d  P e r r y  
( 1965)  a n d  L e d i g ,  e_t a_l . , ( 19 70)  n o t e  t h a t  s h o o t / r o o t  r a t i o  
c h a n g e s  w i t h  s i z e  o f  t h e  p l a n t s ,  and  s u g g e s t  t h e  u s e  o f  
a l l o m e t r i c  f o r m u l a  t o  d e t e r m i n e  d i s t r i b u t i o n  p a t t e r n s .  The 
g e n e r a l  a l l o m e t r i c  f o r m u l a  i s
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Y = aX^ , or
log Y = a + k.log X e e
where, X is the dry weight of one plant organ, Y is the dry 
weight of another, and fa f and rk* are constants. These 
relationships can be used to make comparison between portions 
of the plant,e.g. shoot:root or between one organ and the total 
plant .
In assessing treatments, the simplest way is to establish
the linear regression between logY and logX. If treatments
differ in their effects on the balance in weight of the plant
organs, the slope f k 1 of the allometric regressions will differ.
This relationship was used whenever possible in the studies
of dry matter distribution in this thesis. However, where
the number of samples in treatments was small, or where the
regressions could not be compared due to the data obtained
failing to satisfy the tests for homogeneity of regression
coefficients (Steel and Torrie 1960) , the simple ratio of logY
1 ogX
was used to study the effect of treatments on dry matter 
dis trib ution.
Consequently, the distribution of photosynthate to the 
various parts of teak seedlings for each treatment was studied. 
The relationship between total weight and
(i) leaf weight
(ii) stem weight
(iii) root weight
were all determined by allometric procedure. As shoot/root
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r a t i o  was  f r e q u e n t l y  r e f e r r e d  t o  i n  p h y s i o l o g i c a l  l i t e r a t u r e s ,  
t h e  r e l a t i o n s h i p  b e t w e e n  s h o o t  a n d  r o o t  w e r e  a l s o  d e t e r m i n e d  
a l 1o m e t r i c a l l y  f o r  c o m p l e t e n e s s .
1 1 . 3 . 3  S t a t i s t i c a l  a n a l y s i s
Th e  n o r m a l  a n a l y s i s  o f  v a r i a n c e  p r o c e d u r e  was  c a r r i e d  
o u t  f o r  a l l  e x p e r i m e n t s  ( S t e e l  a n d  T o r r i e ,  1 9 6 0 ;  F r e e s e ,
1 9 6 7 ) .  When s i g n i f i c a n t  r e s u l t s  w e r e  o b t a i n e d ,  t r e a t m e n t  
me a ns  w e r e  c o m p a r e d  u s i n g  t h e  l e a s t  s i g n i f i c a n t  d i f f e r e n c e  
m e t h o d  ( S t e e l  a n d  T o r r i e ,  1 9 6 0 ) .  T h i s  p r o c e d u r e  i s  s i m p l e r  
t o  a p p l y  t h a n  t h e  mor e  a c c u r a t e  D u n c a n ' s  M u l t i p l e  Ra nge  T e s t  
[ S t e e l  a n d  T o r r i e ,  1 9 6 0 ) ,  a n d  t h e  d i f f e r e n c e s  b e t w e e n  t h e  
r e s u l t s  o f  t h e s e  t wo  t e s t s  o v e r  t h e  n u m b e r  o f  t r e a t m e n t s  c o m p a r e d  
i n  t h e s e  e x p e r i m e n t s  was  m i n i m a l .
possible. One plant from each group was randomly selected 
for each temperature treatment. Thus, there were a total of 
five seedlings in each temperature regime.
The plants were measured on the 15th day and on either 
the 41st or 42nd day after treatment commenced. Plants under 
treatment 15°/10°C were in extremely poor condition after 15 
days and were not measured as it was considered the treatment 
would have to be discarded. However, the seedlings under 
this regime did survive to the end of the experiment, allowing 
measurements on the 42nd day.
At measurement on the 15th day, leaf length, leaf breadth, 
and seedling height were recorded non-destructively, and at 
the final measurement and harvest, leaf length and breadth, 
height, dry weights of leaf, stem and root were recorded.
Previous preliminary studies indicated a very high 
correlation between leaf dimension Clength x breadth) and 
leaf area (r = 0.999) . Based on this study, the leaf areas 
from two plants from each treatment were measured by means of 
an airflow planimeter. These measurements were used to establish 
a relationship between leaf dimension and leaf area for each 
treatment, and these relationships were then employed to 
determine the leaf area of the remaining plants. The relation­
ships for each treatment were as given below:
Treatment Relationship (regression) Correlation coeff.
y * 32.3 + 1.7x 0.998
y = 7 . 2 + 1 . 8 x  0.997
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27°/22°C
21°/16°C
18°/13°C y 3.0 + 1.8x 0.994
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T h e  r e l a t i o n s h i p  f o r  t r e a t m e n t  1 5 ° / 1 0 ° C  w a s  n o t  d e t e r m i n e d ,  
b u t  t h e  l e a f  a r e a  f o r  t h i s  t r e a t m e n t  w a s  c a l c u l a t e d  u s i n g  t h e  
r e l a t i o n s h i p  f o r  1 8 ° / 1 3 ° C  t r e a t m e n t .
T h e  e f f e c t s  o f  d i f f e r i n g  t e m p e r a t u r e  r e g i m e s  o n  t h e  
d e v e l o p m e n t  o f  t e a k  s e e d l i n g s  w e r e  c o m p a r e d  on  t h e  b a s i s  o f  
( a )  o v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n  a n d ,  Cb)  d i s t r i ­
b u t i o n  o f  d r y  m a t t e r .
I n  t h e  a s s e s s m e n t  o f  g r o w t h ,  t h e  e f f e c t s  o f  t h e  v a r i o u s  
t r e a t m e n t s  o n  d r y  m a t t e r  p r o d u c t i o n ,  t o t a l  p l a n t  w e i g h t ,  
h e i g h t ,  l e a f  a r e a , a n d  l e a f  a r e a  r a t i o  ( LAR)  w e r e  e x a m i n e d .
L e a f  a r e a  r a t i o  i s  n o t  s t r i c t l y  a  m e a s u r e  o f  g r o w t h  o r  o f  d r y  
m a t t e r  p r o d u c t i o n .  H o w e v e r ,  i t  i s  f r e q u e n t l y  a s s o c i a t e d  w i t h  
r e l a t i v e  g r o w t h  r a t e  i n  t h e  c a l c u l a t i o n  o f  n e t  a s s i m i l a t i o n  
r a t e , a n d  b o t h  t h e s e  a r e  m e a s u r e s  o f  g r o w t h  o r  g r o w t h  p o t e n t i a l .  
T h u s ,  f o r  s i m p l i c i t y ,  l e a f  a r e a  r a t i o  i s  i n c l u d e d  i n  t h i s  
s e c t i o n  .
I n  o r d e r  t o  c h e c k  c o m p a r i s o n s  o f  h e i g h t s  a n d  l e a f  a r e a s  
u n d e r  t h e  d i f f e r e n t  t r e a t m e n t s  a p p l i e d ,  t h e  r e l a t i v e  h e i g h t  
g r o w t h  a n d  t h e  r e l a t i v e  l e a f  g r o w t h  w e r e  a l s o  c a l c u l a t e d  a n d  
u s e d  f o r  c o m p a r i s o n s .  A m e a s u r e  o f  t h e  r e l a t i v e  i n c r e a s e  i n  
d r y  w e i g h t  w o u l d  a l s o  h a v e  b e e n  d e s i r a b l e ,  b u t  c o u l d  n o t  b e  
i n c l u d e d  a s  o n l y  o n e  m e a s u r e m e n t  o f  t h e  f e a t u r e  w a s  a v a i l a b l e .
L e a f  a r e a  r a t i o  w a s  c a l c u l a t e d  u s i n g  t h e  f o r m u l a  -
LAR = 9 w h e r e  L ^  = l e a f  a r e a  a n d  W = t o t a l  d r y  w e i g h t ,  a n d
W
r e l a t i v e  h e i g h t  g r o w t h  a n d  r e l a t i v e  l e a f  g r o w t h  w e r e  
c a l c u l a t e d  u s i n g  t h e  f o r m u l a  -
RGR.h  o r  L
= l ° g e X2 -  l o g g X j
> w h e r e
t 2 t 1
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= e i t h e r  h e i g h t  o r  l e a f  a r e a  r e c o r d e d  a t  h a r v e s t  n,  a n d
t  = t i m e  o f  h a r v e s t .  T h e s e  f o r m u l a e  w e r e  d i s c u s s e d  i n  more  n
d e t a i l  i n  C h a p t e r  XI .
A l l o m e t r i c  f o r m u l a  l o g e (y )  = a + k l o g e ( x ) ,  w h e r e  x  and  
y a r e  t h e  d r y  w e i g h t s  o f  t h e  p a r t i c u l a r  p a r t s  o f  t h e  p l a n t ,  
a n d  a a n d  k a r e  c o n s t a n t s ,  was  u s e d  f o r  t h e  a s s e s s m e n t  o f  
d r y  m a t t e r  d i s t r i b u t i o n .  T h i s  was  a l s o  d i s c u s s e d  u n d e r  
C h a p t e r  X I .  S i g n i f i c a n t  r e g r e s s i o n s  w e r e  c a l c u l a t e d  f o r  e a c h  
t r e a t m e n t  b u t  v a l i d  c o m p a r i s o n s  b e t w e e n  t h e s e  c o u l d  n o t  b e  
made a s  t h e y  d i d  n o t  s a t i s f y  t h e  h o m o g e n e i t y  o f  r e g r e s s i o n  
c o e f f i c i e n t  t e s t  ( S t e e l  a n d  T o r r i e ,  1960 , p .  3 1 9 ) .  T h i s  was  
due t o  t h e  p r e s e n c e  o f  o c c a s i o n a l  a n o m a l o u s  r e s u l t s .  T h e s e  
w o u l d  b e  u n i m p o r t a n t  i f  a l a r g e  n u m b e r  o f  s a m p l e s  w e r e  p r e s e n t ,  
b u t  w i t h  s o  f ew s a m p l e s  t h e y  r e g u l a r l y  d i s t o r t e d  t h e  r e g r e s s i o n  
d a t a .  T h e  c a l c u l a t i o n  o f  t h e  r e l a t i v e  g r o w t h  o f  t h e  v a r i o u s  
p a r t s  o f  a p l a n t  b y  t h e  a l l o m e t r i c  f o r m u l a  was  t h e r e f o r e  
t o  b e  r e p l a c e d  b y  t h e  s i m p l e r  e x p r e s s i o n  ^ ° ^ e X = m,  w h e r e  x
l o g e y
a n d  y a r e  t h e  r e s p e c t i v e  d r y  w e i g h t s  o f  t h e  p a r t i c u l a r  p o r t i o n s  
( e . g .  s h o o t  a n d  r o o t )  o f  e a c h  p l a n t .  V a l u e s  f o r  i n d i v i d u a l  
p l a n t s  w e r e  c a l c u l a t e d  a n d  s t a n d a r d  t e c h n i q u e s  f o r  a n a l y s i s  o f  
v a r i a n c e  a p p l i e d .  Where  s i g n i f i c a n t ,  t h e  i n d i v i d u a l  v a l u e s  
f o r  e a c h  t r e a t m e n t  w e r e  c o m p a r e d  u s i n g  t h e  L . S . D .  t e s t  a t  f i v e  
p e r  c e n t  s i g n i f i c a n t  l e v e l .
1 2 . 3  R e s u l t s
The  r e s u l t s  a r e  s u m m a r i z e d  i n  T a b l e s  35 a nd  37 a n d  F i g u r e s  
12 a n d  145 w i t h  d e t a i l s  o f  t h e  a n a l y s e s  i n  T a b l e s  36 a n d  3 8 .
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Table 36 Analysis of variance for low temperature regimes
experiment. Overall growth and dry matter production.
Source of 
variation df.
Sum of 
squares
Me an 
square s F
Dry weight
Tempe rature 3 5626.77 1 875 .59 74.96,
Grade 4 420 .6 8 105.17 4.20
Error 12 300.18 25 .02
Height
Temperature 2 0 .00538 0 .00269 134.5
Grade 4 0.0000 8 0 .00002 1.0
Error 8 0.000 16 0.00002
Relative height 
Temperature
growth
2 0.00538 0.00269
* *
134.5
Grade 4 0.0000 8 0 .00002 1 .0
Error 8 0.000 16 0 .00002
Leaf area
Temperature 3 121397475 40465825
* *176.97
Grade 4 2527953 631988 2 . 76
E rr or 12 2743906 228659
Relative leaf growth 
Temperature 2 0.00502 0 .0025 1
* *125 . 5
Gr ade 4 0.000 13 0 .00003 1 .5
Error 8 0.00013 0 .00002
Leaf area ratio
Temperature 3 13643.64 4547.88 19 .29
Grade 4 945 .22 236.31 1.00
Error 12 2829.42 235.79
Figure 12.1 The response of t e_ak seedlings ,in (a) dry 
weight (b) height (c) relative height growth 
and (d) relative leaf growth to the low 
temperature regimes studied.
(a) Dry weight (b) Height
15°/10°C 1fP/13°C 21°/160C27°/22°C
(c) Relative height growth (d) Relative leaf growth
cm
F i g u r e  1 2 . 2 The  r e s p o n s e  o f  t e a k  s e e d l i n g s  i n  
( a )  l e a f  a r e a ,  a n d  ( b )  l e a f  a r e a  
r a t i o  t o  t h e  low t e m p e r a t u r e  r e g i m e s  
s t u d i e  d .
( a )  Le a f  Are a
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1 4 0 “i
( b)  L e a f  A r e a  
R a t i  o
15°/10°C 18°/m  21°/I6°C
15 8
1 2 . 3 . 1  O v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n
Dr y w e i g h t . T o t a l  d r y  w e i g h t  i n c r e a s e d  a t  t h e  h i g h e r  
t e m p e r a t u r e s .  The  t o t a l  d r y  w e i g h t  o f  t e a k  s e e d l i n g s  a t  
2 7 ° / 2 2 ° C  ( 4 6 .  8 g) was  s i g n i f i c a n t l y  g r e a t e r  t h a n  a t  2 1 ° / 1 6 ° C  
( 1 5 .  l g )  a n d  s i m i l a r l y  t h e  w e l g l r t  a t  2 1 ° / 1 6 ° C  was  g r e a t e r  t h a n  
a t  1 8 ° / 1 3 ° C  ( 9 . 4 g )  a n d  a t  1 5 ° / 1 0 ° C  C 3 . 4 g ) .  H o w e v e r ,  t h e  
d i f f e r e n c e s  b e t w e e n  t h e  f i g u r e s  f o r  2 1 ° / 1 6 ° C ,  a n d  f o r  1 8 ° / 1 3 ° C  
a n d  1 5 ° / 1 0 ° C  w e r e  s i g n i f i c a n t  o n l y  a t  10 p e r  c e n t  l e v e l .  Bu t  
as  t h e  d i f f e r e n c e  b e t w e e n  2 1 ° / 1 6 ° C  a n d  1 5 ° / 1 0 ° C  was  s i g n i f i c a n t  
a t  o n e  p e r  c e n t  l e v e l ,  t h e r e  was  a v e r y  c l e a r  t r e n d  t o  an 
i n c r e a s e  i n  t h e  r a t e  o f  p r o d u c t i o n  o f  d r y  m a t t e r  w i t h  
t e m p e r a t u r e  ( F i g u r e  1 2 . 1 a ) .
H e i g h t . S e e d l i n g  h e i g h t  i n c r e a s e d  w i t h  t e m p e r a t u r e  ( F i g u r e  
1 2 . 1 b ) .  The h e i g h t  o f  t e a k  s e e d l i n g s  a t  2 7 ° / 2 2 ° C  ( 4 9 . 9 c m )  was  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  h e i g h t  a t  2 1 ° / 1 6 ° C  ( 1 0 . 6 c m ) ,  
w h i l s t  t h e  h e i g h t  a t  2 1 ° / 1 6 ° C  was  s i g n i f i c a n t l y  g r e a t e r  t h a n  
a t  1 8 ° / 1 3 ° C  ( 6 . 6  c m) .  T h e r e  was  h o w e v e r  n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  h e i g h t  a t  1 8 ° / 1 3 ° C  a nd  a t  1 5 ° / 1 0 ° C  ( 4 . 7  c m ) .
Th u s  t e a k  s e e d l i n g s  i n c r e a s e d  i n  h e i g h t  s i g n i f i c a n t l y  as t h e  
t e m p e r a t u r e  was  i n c r e a s e d  f r o m  1 8 ° / 1 3 ° C  t o  2 7 ° / 2 2 ° C ,  b u t  t h e  
i n c r e a s e  f r o m  1 5 ° / 1 0 ° C t o  1 8 ° / 1 3 ° c w a s  n o t  s i g n i f i c a n t .
R e l a t i v e  h e i g h t  g r o w t h . The  r e l a t i v e  h e i g h t  g r o w t h  m e a s u r e m e n t s  
g a v e  s i m i l a r  r e s u l t s  t o  t h e  r aw h e i g h t  g r o w t h  d a t a  ( F i g u r e  
1 2 . 1 c ) .  The  r e l a t i v e  h e i g h t  g r o w t h  a t  2 7 ° / 2 2 ° C  ( 0 . 0 5 6 4 c m / c m /  
da y)  was  s i g n i f i c a n t l y  g r e a t e r  t h a n  a t  2 1 ° / 1 6 ° C  ( 0 . 0  2 3 8 c m / c m/  
d a y ) ,  a n d  t h e  r e l a t i v e  h e i g h t  g r o w t h  a t  2 1 ° / 1 6 ° C  was  s i g n i f i c a n t l y  
g r e a t e r  t h a n  a t  1 8 ° / 1 3 ° C  ( 0 . 0  115 c m / c m / d a y )  . The  r e l a t i v e
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h e i g h t  g r o w t h  a t  1 5 ° / 1 Q ° C  was  n o t  c a l c u l a t e d  as  o n l y  one  
m e a s u r e m e n t  was  a v a i l a b l e .
L e a f  a r e a . L e a f  a r e a  i n c r e a s e d  w i t h  t e m p e r a t u r e  ( F i g u r e  1 2 . 2 a )  • 
The  l e a f  a r e a  a t  2 7 ° / 2 2 ° C  ( 6 3 9 5 . 8cm^)  was  s i g n i f i c a n t l y  
g r e a t e r  t h a n  a t  2 1 ° / 1 6 ° C  ( 1 2 3 1 . 4 c m ^ ) ,  w h i l s t  t h e  l e a f  a r e a  a t  
2 1 ° / 1 6 ° C  t e n d e d  t o  b e  g r e a t e r  t h a n  a t  1 8 ° / 1 3 ° C  ( 6 7 0 . Ocm^) 
( s i g n i f i c a n t  a t  10% l e v e l )  . The  d i f f e r e n c e  b e t w e e n  t h e  l e a f  
a r e a  a t  1 8 ° / 1 3 ° C  a n d  1 5 ° / 1 0 ° C  ( 3 5 5 . 8cm^)  was  n o t  s i g n i f i c a n t .
As t h e  v a l u e s  o b t a i n e d  a t  2 1 ° / 1 6 ° C  a n d  1 5 ° / 1 0 ° C  d i f f e r e d  
s i g n i f i c a n t l y ,  t h e r e  was  a g a i n  a c l e a r  t r e n d  f o r  an i n c r e a s e  
o f  l e a f  a r e a  w i t h  t e m p e r a t u r e .
R e l a t i v e  l e a f  g r o w t h . The  r e l a t i v e  l e a f  g r o w t h  i n c r e a s e d  w i t h  
t h e  i n c r e a s e  i n  t e m p e r a t u r e  ( F i g u r e  1 2 . I d ) .  The  r e l a t i v e  
l e a f  g r o w t h  a t  2 7 ° / 2 2 ° C  ( 0 . 0 5 8 4 c m ^ / c m ^ / d a y )  was  s i g n i f i c a n t l y  
g r e a t e r  t h a n  a t  2 1 ° / 1 6 ° C  ( 0 . 0 2 8 0 c m^ / c m ^ / d a y ) , w h i l s t  t h e  
r e l a t i v e  l e a f  g r o w t h  a t  2 1 ° / 1 6 ° C  was  s i g n i f i c a n t l y  g r e a t e r  t h a n  
a t  1 8 ° / 1 3 ° C  ( 0 . 0 1 4 7 c m ^ / c m ^ / d a y ) . R e l a t i v e  l e a f  g r o w t h  a t  
1 5 ° / 1 0 ° C  was  n o t  c a l c u l a t e d  as  o n l y  o n e  m e a s u r e m e n t  was  
a v a i l a b l e .  T h u s  t h e  r e l a t i v e  l e a f  g r o w t h  r e s u l t  v i n d i c a t e d  
t h e  r aw d a t a  f i g u r e s .
L e a f  a r e a  r a t i o . The  l e a f  a r e a  r a t i o  i n c r e a s e d  w i t h  t e m p e r a ­
t u r e  ( F i g u r e  1 2 . 2 b ) . The l e a f  a r e a  r a t i o  a t  2 7 ° / 2 2 ° C  ( 1 4 0 . 0 6 c m /
?
g) was  s i g n i f i c a n t l y  g r e a t e r  t h a n  a t  2 1 ° / 1 6 ° C  ( 8 3 . 0 2 c m  / g )  , 
b u t  t h e  d i f f e r e n c e  b e t w e e n  t h e  l e a f  a r e a  r a t i o s  a t  2 1 ° / 1 6 ° C  
a nd  a t  1 8 ° / 1 3 ° C  ( 7 1 . 9 4 c m ^ / g )  was  n o t  s i g n i f i c a n t .  S u r p r i s i n g l y ,  
t h e  l e a f  a r e a  r a t i o  a t  1 5 ° / 1 0 ° C  ( 10 7 . 0  2 cm^ /  g) was  s i g n i f i c a n t l y  
g r e a t e r  t h a n  a t  b o t h  2 1 ° / 1 6 ° C  a n d  1 8 ° / 1 3 ° C .  T h i s  was  p r o b a b l y  
due  t o  r a t h e r  a b n o r m a l  g r o w t h  o f  t h e  s e e d l i n g s  a t  1 5 ° / 1 0 ° C .
F i g u r e  13 The  e f f e c t  o f  low t e m p e r a t u r e  r e g i m e s  s t u d i e d  on
t h e  g r o w t h  a n d  d e v e l o p m e n t  o f  p o t t e d  t e a k  s e e d l i n g s  
g r own  i n  t h e  p h y t o t r o n .
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T h e  s e e d l i n g s  a p p e a r e d  s i c k l y  a n d  t h e  l e a v e s  w e r e  y e l l o w i s h  
i n  c o l o u r  t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d  ( F i g u r e  1 3 ) .  
M o r e o v e r ,  t h e  s m a l l  l e a f  a r e a  o f  t h e  s e e d l i n g s  a t  t h i s  
p a r t i c u l a r  t e m p e r a t u r e  ( T a b l e  35)  i n d i c a t e d  t h e  h i g h  v a l u e  
r e c o r d e d  f o r  l e a f  a r e a  r a t i o  was  due  t o  t h e  v e r y  s m a l l  amoun t  
o f  d r y  m a t t e r  p r e s e n t  r a t h e r  t h a n  t o  a r e l a t i v e l y  l a r g e  
p h o t o s y n t h e s i  z i n g  a r e a .
1 2 . 3 . 2  D i s t r i b u t i o n  o f  d r y  m a t t e r
The  r e s u l t s  o b t a i n e d  u s i n g  t h e  l o g a r i t h m i c  r a t i o s  
f o l l o w  a s i m i l a r  t r e n d  t o  t h o s e  r e s u l t s  o b t a i n e d  b y  r e g r e s s i o n  
t e c h n i q u e  ( a l l o m e t r i c  f o r m u l a ) .  The  r e s u l t s  f o r  t h e  t e m p e r a ­
t u r e  r e g i m e  1 5 ° / 1 0 ° C  w e r e  n o t  c a l c u l a t e d ,  due  t o  t h e  a b n o r m a l  
a p p e a r a n c e ^  a n d  t h e  f a c t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  
by  r e g r e s s i o n  a n a l y s e s  w e r e  n o t  s i g n i f i c a n t .
R e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t . The  r e l a t i v e  g r o w t h  o f  
s h o o t  t o  r o o t  was h i g h e s t  a t  2 7 ° / 2 2 ° C  ( 1 . 2 5 )  f o l l o w e d  i n  o r d e r  
o f  m a g n i t u d e  b y  1 8 ° / 1 3 ° C  ( 1 . 2 0 )  a n d  2 1 ° / 1 6 ° C  ( 1 . 1 6 )  w i t h  t h e  
d i f f e r e n c e s  s i g n i f i c a n t .  T h u s  mor e  ph  o t  os yn t h  a t  e
was d i s t r i b u t e d  t o w a r d s  t h e  s h o o t  t h a n  t h e  r o o t  a t  2 7 ° / 2 2 ° C  
t h a n  a t  1 8 ° / 1 3 ° C  w i t h  t h e  p r o p o r t i o n  o f  t h e  p h o t o s y n t h a t e  
d i s t r i b u t e d  t o w a r d s  t h e  s h o o t  l e a s t  a t  2 1 ° / 1 6 ° C  ( F i g u r e  1 4 a ) .
R e l a t i v e  g r o w t h  o f  r o o t  t o  t h e  t o t a l  p l a n t  w e i g h t . The 
r e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  t o  t h e  t o t a l  p l a n t  w e i g h t  was  
h i g h e s t  a t  2 1 ° / 1 6 ° C  ( 0 . 8 4 )  a nd  f o l l o w e d  i n  o r d e r  o f  m a g n i t u d e  
by  t h a t  a t  1 8 ° / 1 3 ° C  ( 0 . 8 2 )  a n d  a t  2 7 ° / 2 2 ° C  ( 0 . 7 9 ) .  The 
d i f f e r e n c e s  w e r e  s i g n i f i c a n t .  T h us  m o r e  p h o t  o s y n  t h  a t  e was 
d i s t r i b u t e d  t o w a r d s  t h e  r o o t  a t  2 1 ° / 1 6 ° C , f o 1 1 owed i n  o r d e r  o f  
m a g n i t u d e  by 1 8 ° / 1 3 ° C  a nd  2 7 ° / 2 2 ° C .  ( F i g u r e  1 4 b ) .
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F i g u r e  14 T h e  e f f e c t  o f  t h e  l ow t e m p e r a t u r e  r e g i m e s  
s t u d i e d  on  t h e  d i s t r i b u t i o n  o f  d r y  m a t t e r  
i n  t e a k  s e e d l i n g s .
( a )  Log  s h o o t / l o g  r o o t  ( b )  Log r o o t / l o g  t o t a l  wt
0 0 0 0
18°/13PC 2 # 1 6 ° C 27°/22°C
.7 - .9 4 -
27°/22°C18°/13°C 21°/16°C 18°/13°C 21°/1^C 27°/22°C
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R e l a t i v e  gr owt h ,  o f  s t e m  t o  t o t a l  p l a n t  w e i g h t . The  r e l a t i v e  
g r o w t h  o f  s t e m  w e i g h t  t o  t h e  t o t a l  p l a n t  w e i g h t  i n c r e a s e d  w i t h  
t e m p e r a t u r e  ( F i g u r e  1 4 c ) . The  r e l a t i v e  g r o w t h  i n  s t e m  was  
s i g n i f i c a n t l y  g r e a t e r  a t  2 7 ° / 2 2 ° C  ( 0 . 8 6 )  t h a n  a t  2 1 ° / 1 6 ° C  
( 0 . 8 1 ) ,  a n d  i n  t u r n  t h e  r e l a t i v e  g r o w t h  a t  2 1 ° / 1 6 ° C  was  
s i g n i f i c a n t l y  g r e a t e r  t h a n  a t  1 8 ° / 1 3 ° C  ( 0 . 7 6 ) .  T h u s ,  t h e  
d i s t r i b u t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  t h e  s t e m  i n c r e a s e d  w i t h  
t h e  t e m p e r a t u r e  f r o m  1 8 ° / 1 3 ° C  t o  2 7 ° / 2 2 ° C .
R e l a t i v e  g r o w t h  o f  l e a f  t o  t o t a l  p l a n t  w e i g h t . The  r e l a t i v e  
g r o w t h  o f  l e a f  w e i g h t  t o  t o t a l  p l a n t  w e i g h t  was  s i g n i f i c a n t l y  
l o w e r  a t  2 1 ° / 1 6 ° C  ( 0 . 9 5 )  t h a n  t h e  o t h e r  t emp e r  a t u r e s ,  wh i  1 s t  
t h e  d i f f e r e n c e  a t  2 7 ° / 2 2 ° C  ( 0 . 9 6 )  a n d  1 8 ° / 1 3 ° C  ( 0 . 9 6 )  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y .  Thus  mo r e  p h o t  o s y n t h  a t e  was  d i s t r i ­
b u t e d  t o w a r d s  t h e  l e a f  a t  2 7 ° / 2 2 ° C  a n d  1 8 ° / 1 3 ° C  t h a n  a t  2 1 ° /
16 0 C ( F i g u r e  14d)  .
1 2 . 4  D i s c u s s i o n  and  c o n c l u s i o n
C l e a r l y ,  t h e  e f f e c t  o f  l ow t e m p e r a t u r e  r e g i m e s  on g r o w t h  
o f  t e a k  s e e d l i n g s  wa s  v e r y  m a r k e d .  T h e r e  was  a v e r y  s t r o n g  
t r e n d  f o r  an i n c r e a s e  i n  t h e  t o t a l  d r y  w e i g h t ,  h e i g h t  g r o w t h ,  
a nd  l e a f  a r e a  w i t h  i n c r e a s i n g  t e m p e r a t u r e  f r o m  1 5 ° / 1 0 ° C  t o  2 7 ° / 2 2 ° C .  
G e n e r a l l y ,  t h e  i n c r e a s e  was  f a s t e r  b e t w e e n  2 1 ° / 1 6 ° C  a n d  2 7 ° / 2 2 ° C
( s e e  F i g u r e  1 2 . 1  a n d  1 2 . 2 )  .
The  p a t t e r n  o f  t h e  d i s t r i b u t i o n  o f  d r y  m a t t e r  was  i n t e r e s t i n g  
( F i g u r e  1 4 ) .  As m e n t i o n e d  a b o v e ,  t h e  t o t a l  d r y  w e i g h t  d e c r e a s e d  
w i t h  t h e  d e c r e a s e  i n  t e m p e r a t u r e  f r o m  2 7 ° / 2 2 ° C  t o  1 5 ° / 1 0 ° C .
The  d i s t r i b u t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  t h e  s t e m  f o l l o w e d  
t h e  s a me  t r e n d .  H o w e v e r ,  t h e  d i s t r i b u t i o n  o f  p h o t o s y n t h a t e
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t o w a r d s  t h e  s h o o t  i n  r e l a t i o n  t o  t h e  r o o t  d e c r e a s e  f r o m  
2 7 ° / 2 2 ° C  t o  2 1 ° / 1 6 ° C ,  a n d  i n c r e a s e d  a g a i n  as  t h e  t e m p e r a t u r e  
was  f u r t h e r  d e c r e a s e d  t o  1 8 ° / 1 3 ° C  ( F i g u r e  14a)  . The  
d i s t r i b u t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  t h e  l e a f  i n  r e l a t i o n  
t o  t o t a l  w e i g h t  f o l l o w e d  t h e  s ame  p a t t e r n ,  w h i l s t  t h a t  o f  t h e  
r o o t  t o  t o t a l  d r y  w e i g h t  wa s  j u s t  t h e  r e  ve r s e  . ( F i g u r e  1 4 b , d ) .  
C l e a r l y ,  a t  2 1 ° / 1 6 ° C ,  t h e  p r o p o r t i o n  o f  p h o t o s y n t h a t e  
d i s t r i b u t e d  t o w a r d s  t h e  r o o t s  i n c r e a s e d  w h i l s t  t h a t  s e n t  
t o w a r d s  t h e  l e a f  was  g r e a t l y  r e d u c e d .  2 1 ° / 1 6 ° C  a p p e a r s  t h e r e ­
f o r e  t o  b e  a c r i t i c a l  t e m p e r a t u r e ,  a t  w h i c h  t h e  s e e d l i n g s  
p r o b a b l y  s t a r t e d  r e a d j u s t i n g  t h e i r  p h y s i o l o g i c a l  p r o c e s s e s  t o  
a d a p t  t o  l o w e r  t e m p e r a t u r e s .  T h i s  r e q u i r e s  mo r e  d e t a i l e d  
s t u d y .
The  p o s s i b l e  c r i t i c a l  low t e m p e r a t u r e  a t  w h i c h  a m a r k e d  
c h a n g e  i n  p h y s i o l o g i c a l  p r o c e s s  o c c u r s  was  d e t e r m i n e d  o n l y  
f o r  t h e  g l a s s h o u s e  e x p e r i m e n t .  The  c o r r e s p o n d i n g  f i e l d  
t e m p e r a t u r e s  a r e  o f  c o u r s e  n o t  k n o w n ,  b u t  c o n s i d e r a b l e  c a u t i o n  
w i l l  b e  n e e d e d  i f  t e a k  i s  c o n s i d e r e d  f o r  a r e a s  w h e r e  a m b i e n t  
t e m p e r a t u r e s  r e g u l a r l y  f a l l  t o  21° C by  d a y  a n d  16°C by  n i g h t .
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CHAPTER X I I I
EXPERIMENT TO STUDY THE EFFECT OF PHQTQPERIOD AND
NIGHT TEMPERATURE ON THE DEVELOPMENT OF TEAK SEEDLINGS
1 3 . 1  O b j e c t
To s t u d y  t h e  e f f e c t  o f  p h o t o p e r i o d  a n d  n i g h t  t e m p e r a t u r e  
on t e a k  s e e d l i n g s .
1 3 . 2  M a t e r i a l s  a n d  m e t h o d s
S e e d l i n g s  o f  P a t i ,  I n d o n e s i a n  o r i g i n ,  o b t a i n e d  f r o m  t h e  
g e r m i n a t i o n  e x p e r i m e n t  a s  d e s c r i b e d  u n d e r  s e c t i o n  1 5 . 2  w e r e  
u s e d .  D e v e l o p m e n t  o f  t h e s e  s e e d l i n g s  was  c o m p a r e d  u n d e r  s i x  
t r e a t m e n t s  p r o v i d e d  b y  t wo  t e m p e r a t u r e  r e g i m e s  o f  3 3 / 2 2 ° C  a n d  
3 3 / 2 8 ° C  ( d a y / n i g h t )  a n d  t h r e e  d a y l e n g t h  r e g i m e s  o f  8 ,  12 ,  and  
16 h o u r s  a t  t h e  C . S . I . R . O .  p h y t o t r o n .  I n  a l l  c a s e s ,  t h e  
s e e d l i n g s  w e r e  i l l u m i n a t e d  by  n a t u r a l  d a y l i g h t  f o r  e i g h t  h o u r s  
w i t h  a n y  n e c e s s a r y  a d d i t i o n a l  d a y l i g h t  s u p p l i e d  b y  low i n t e n s i t y  
i n c a n d e s c e n t  l a m p s .  T w e l v e  h o u r s  a p p r o x i m a t e s  t o  t h e  a v e r a g e  
d a y l e n g t h  o f  t h e  n a t u r a l  t e a k  z o n e ,  and  8 t o  16 h o u r s  p h o t o ­
p e r i o d s  w e r e  u s e d  t o  s t u d y  t h e  e f f e c t  o f  s h o r t e n i n g  a n d  
l e n g t h e n i n g  o f  d a y l e n g t h  f r o m  n o r m a l .
A p p r o x i m a t e l y  one  w e e k  a f t e r  g e r m i n a t i o n ,  t h e  s e e d l i n g s  
h a d  t h e  f i r s t  p a i r  o f  l e a v e s  w e l l  d e v e l o p e d ,  w i t h  e a c h  l e a f  
a p p r o x i m a t e l y  3 cm l o n g .  At  t h i s  s t a g e ,  a l l  s e e d l i n g s  w e r e  
g r a d e d  b y  s i z e  i n t o  30 b a t c h e s  w i t h  t h r e e  s e e d l i n g s  o f  e q u a l  
s i z e  i n  e a c h  b a t c h .  S e e d l i n g s  w i t h i n  e a c h  g r o u p  w e r e  p o t t e d  
r e s p e c t i v e l y  i n t o  p l a s t i c  p o t s  o f  10 cm,  15 cm,  a n d  18 cm t o p  
d i a m e t e r s ,  u s i n g  a 1 : 1  m i x t u r e  o f  p e r l i t e  a n d  v e r m i c u l i t e  as 
t h e  p o t t i n g  m e d i u m .  F i v e  b a t c h e s  o f  s e e d l i n g s  ( a  t o t a l  o f  15
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plants) were allocated to each treatment in a manner which 
distributed the variation evenly between treatments.
The seedlings were established in C-cabinets (Morse and 
Evans, 1962) in the C.S.I.R.O. phytotron and watered with 
nutrient solution and water according to the normal practice 
in the C.S.I.R.O. phytotron.
Seedlings within each group were harvested on the 14th, 
23rd, and either the 36th or 37th days from the start of the 
treatment. At each harvest leaf area and dry weights of 
leaves, stem and roots were determined as described in section 
11.3.1.
Measurements of height and diameter were made only on 
the seedlings in the large pots (18 cm top diameter) retained 
until the end of the treatment. The first measurements were 
taken on the 24th day, and the second measurements on the 36th 
or 37th days from the start of the treatment.
Relative growth rate, net assimilation rate and leaf area 
were determined for the period 14th to 23rd (period one) and 
23rd to 37th day (period two) from the start of the treatment.
The assessment of the results was divided into two 
sections, (i) overall growth and dry matter production and (ii) 
dry matter distribution.
Overall growth and dry matter production covered the 
results recorded for relative growth rate (RGR), net assimi­
lation rate (NAR) , leaf area ratio (LAR) , diameter growth and 
height growth.
The seedlings were too small to be measured for height 
and diameter at the commencement of the experiment. These 
values were therefore determined over the period specified above
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t o w a r d s  t h e  e n d  o f  t h e  e x p e r i m e n t .  At  t h e  c o mme n c e me n t  o f  t h i s  
p e r i o d ,  t h e  s e e d l i n g s  w e r e  o f  v a r y i n g  s i z e s .  As l a r g e  s i z e d  
s e e d l i n g s  m i g h t  h a v e  e x h i b i t e d  g r e a t e r  i n c r e m e n t s ,  r e l a t i v e  
i n c r e m e n t s  u s i n g  a l o g  t r a n s f o r m a t i o n  w e r e  c o m p a r e d  a s  w e l l  
as  s t r a i g h t  r aw d a t a  c o m p a r i s o n s .
F o r  a s s e s s m e n t  o f  d r y  m a t t e r  d i s t r i b u t i o n ,  l o g a r i t h m i c  
r a t i o s  o f  d i f f e r e n t  p a r t s  o f  t h e  p l a n t s  w e r e  c a l c u l a t e d  f o r  
e a c h  i n d i v i d u a l  p l a n t .
T h e s e  r e s u l t s  w e r e  a n a l y z e d  u s i n g  a s t a n d a r d  a n a l y s i s  o f  
v a r i a n c e  t e c h n i q u e .  I n d i v i d u a l  t r e a t m e n t s  w e r e  c o m p a r e d  by  
me a n s  o f  a n  LSD t e s t  ( S t e e l  a n d  T o r r i e ,  1960)  a t  t h e  f i v e  p e r  
c e n t  s i g n i f i c a n t  l e v e l  .
1 3 . 3  Res u l t s
1 3 . 3 . 1  O v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n
The r e s u l t s  w e r e  as  d e t a i l e d  i n  T a b l e s  40 a n d  42 a n d  
F i g u r e s  1 5 ,  16 a n d  17 ,  a n d  t h e  a n a l y s i s  o f  v a r i a n c e  i n  A p p e n d i x
I V.
R e l a t i v e  g r o w t h  r a t e . The RGR was  u n a f f e c t e d  b y  b o t h  t h e  
p h o t o p e r i o d  a n d  t h e  t e m p e r a t u r e  r e g i m e s  a p p l i e d  o v e r  b o t h  
p e r i o d s  o f  s t u d y .
O v e r  p e r i o d  1,  mean v a l u e s  f o r  RGR u n d e r  a l l  s i x  t r e a t m e n t s  
v a r i e d  o n l y  s l i g h t l y  a n d  w e r e  w i t h i n  t h e  r a n g e  121 -  142 g / g / d a y .  
The s t a t i s t i c a l  a n a l y s i s  d i d  r e v e a l  a s i g n i f i c a n t  (5% l e v e l )  
i n t e r a c t i o n  b e t w e e n  g r a d e  a n d  d a y l e n g t h ,  b u t  c l o s e  e x a m i n a t i o n  
o f  t h e  r e s u l t s  h o w e v e r  s h o w e d  t h i s  t o  b e  due  t o  one  u n u s u a l l y  
s m a l l  p l a n t  i n  t h e  3 3 / 2 8 ° C  a n d  12 h o u r s  p h o t o p e r i o d  t r e a t m e n t .  
Thus  t h e  e f f e c t  was  c o n s i d e r e d  t o  be  due  t o  c h a n c e  a n d  i g n o r e d .
Table 40 Results of photoperiod experiment on dry matter 
production.
Characteristic 
as s e s s e d Temperature
Photoperiod (hours) Me an
8 12 16
Relative growth 
rate (1) 
(g/g/day)
3 f / 2 2 ° C 
3^/28°C 
Me an
0 . 140 
0 . 142 
0.141
0.136 
0 . 12 1 
0 . 129
_.0.134 
Q . 134 
0 . 134
0 . 137 
0 . 132
Re lative growth 
rate [2) 
(g/g/day)
3 3°/ 2 2 ° C 
3 3°/ 2 8 0 C 
Me an
0 . 140 
0.111 
0 . 10 8
0 . 100 
0 . 133 
0.117
0.111 
0 . 104 
0 . 108
0 . 105 
0.112
MAR (1) 
(mg/cm /day)
3 3°/ 2 2 ° C 
3 3°/ 2 8 ° C 
Me an
0.592 
0.511 
0.552
0.661 
0.511 
0 . 586
0.685 
0.579 
0.632
0.646 
0 .534
MAR (2)
2(mg/cm /day)
3 3°/ 2 2 ° C 
3 3°/2 8° C 
Me an
0.433 
0.391 
0.412
0 . 495 
0.587 
0 .541
0 .599 
0.469 
0 .534
0.509 
0.482
LAR (1) 
(cm2/g)
3 3°/ 2 2 ° C 
3 £ / 2 8 ° C 
Me an
232 .2 86 
275.486 
253.886
185.90 7 
227.812 
206.859
184.227 
209.142 
196.685
200.80 7 
237.480
LAR (2) 
(cm2 / g)
3 3°/ 2 2 ° C 
3 2?/ 2 8 ° C 
Me an
241.302 
288.092 
264.697
213.406 
225.9 84 
2 19.695
185.357 
232.42 4 
208.890
213.355 
248.833
Dia. increment 
(cm/day)
33°/22° C 
3 3°/ 2 8 ° C 
Me an
0.015 
0.0 17 
0.016
0.017 
0.0 19 
0.0 18
0.018 
0.0 19 
0.0 19
0.0 17 
0.0 18
Re 1 ative Dia. 
growth 
(cm/cm/day)
3 3°/ 2 2 ° C 
3 37 2 8 ° C 
Me an
0.032 
0 .035 
0.034
0.040 
0.038 
0.039
0.037
0.038
0.038
0.036 
0.037
de i gh t 
in crement 
(cm/day)
3 3°/ 2 2 ° C 
3 372 8° C 
Me an
0.405 
0.503 
0.454
0.553 
0 . 888 
0.721
0.575 
0 . 80 3 
0.689
0.514
0.731
Relative height 
growth 
(cm/cm/day)
3 3°/ 2 2 0 C 
3 3°/ 2 8 0 C 
Me an
0.059 
0.056 
0.058
0.058
0.061
0.060
0.058
0.061
0.060
0.059 
0.059
T
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The  v a r i a t i o n  i n  t h e  mean v a l u e s  i n  p e r i o d  2 was  s l i g h t l y  
g r e a t e r  ( 1 0 0  - 133 g / g / d a y ) ,  b u t  t h e  t r e a t m e n t  d i f f e r e n c e s  
w e r e  n o t  s i g n i f i c a n t .  T h u s ,  t h e r e  was  n o  e f f e c t  on r e l a t i v e  
g r o w t h  r a t e  u n d e r  t h e  r e g i m e s  a p p l i e d  i n  e i t h e r  p e r i o d  w i t h  
d a y l e n g t h  r a n g i n g  b e t w e e n  8 - 1 6  h o u r s  a t  t h e  two t e m p e r a t u r e  
r e g i m e s  ( 3 3 ° / 2 2 ° C  a n d  3 3 ° / 2 8 ° C ) .
N e t  a s s i m i l a t i o n  r a t e . The  NAR t e n d e d  t o  d e c r e a s e  a t  h i g h e r
n i g h t  t e m p e r a t u r e s  a n d  s h o r t e r  p h o t o p e r i o d s  ( F i g u r e  1 5 a ,  b ) .
I n  p e r i o d  1,  t h e  v a l u e  o f  NAR d e t e r m i n e d  a t  t h e  l o w e r  n i g h t
t e m p e r a t u r e  ( 2 2 ° C )  ( 0 . 6 4 6  mg/ cm / d a y )  was  s i g n i f i c a n t l y  h i g h e r
t h a n  t h a t  o b t a i n e d  u n d e r  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  ( 2 8 ° C)
2
( 0 . 5 3 4  mg/ cm / d a y ) .  A l t h o u g h  t h e  e f f e c t  o f  p h o t o p e r i o d  was
n o t  s i g n i f i c a n t ,  t h e r e  wa s  a t e n d e n c y  f o r  NAR t o  i n c r e a s e  as
2
p h o t o p e r i o d  i n c r e a s e d  f r o m  8 h o u r s  ( 0 . 5 5 2  mg/ cm / d a y )  t o  16
2
h o u r s  ( 0 . 6 3 2  mg/ cm / d a y ) .
The  e f f e c t s  o f  p h o t o p e r i o d  a n d  t e m p e r a t u r e  on NAR i n  
p e r i o d  2 w e r e  p r o b a b l y  s i m i l a r  t o  t h e  e f f e c t s  r e c o r d e d  i n  
p e r i o d  1.  H o w e v e r ,  t h i s  c o u l d  n o t  b e  c l e a r l y  d e m o n s t r a t e d .
The v a l u e s  f o r  NAR a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e  e x c e e d e d  
t h o s e  r e c o r d e d  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  a t  8 h o u r s  a n d  
16 h o u r s  p h o t o p e r i o d s  ( F i g u r e  1 5 b ) . U n d e r  12 h o u r s  p h o t o ­
p e r i o d ,  h o w e v e r ,  t h e  s i t u a t i o n  was r e v e r s e d .  The  v a l u e  
d e t e r m i n e d  a t  t h e  12 h o u r s  p h o t o p e r i o d  i n  3 3 ° / 2 8 ° C  t e m p e r a t u r e  
r e g i m e s  wa s  u n u s u a l l y  l a r g e .  T h i s  was  due  t o  t h e  p a i r i n g  i n  
t h i s  r e g i m e  o f  s m a l l  s e e d l i n g s  a t  o n e  h a r v e s t  w i t h  a b n o r m a l l y  
l a r g e  s p e c i m e n s  a t  a n o t h e r ,  t h u s  g i v i n g  a v e r y  h i g h  NAR v a l u e .
I t  was  c o n s i d e r e d  a mo r e  r e l i a b l e  v a l u e  w o u l d  h a v e  b e e n  s o m e -
2w h e r e  w i t h i n  t h e  r a n g e  0 . 3 9 1  -  0 . 4 6 9  mg / c m / d a y .  I f  t h i s
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a m e n d e d  v a l u e  w e r e  t o  b e  a p p l i e d  i n  t h e  a n a l y s i s ,  NAR w o u l d  
v a r y  i n v e r s e l y  w i t h  t h e  n i g h t  t e m p e r a t u r e  r e g i m e s  as  i n  
p e r i o d  1.
The  e f f e c t  o f  p h o t o p e r i o d  on NAR was  s i g n i f i c a n t .  The 
NAR t e n d e d  t o  i n c r e a s e  w i t h  t h e  i n c r e a s e  i n  p h o t o p e r i o d  
f r o m  8 h o u r s  t o  16 h o u r s .  T h i s  a g a i n  was  n o t  c l e a r l y  
d e m o n s t r a t e d  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  due  t o  t h e  
c o n f u s i o n  a t  t h e  12 h o u r s  p h o t o p e r i o d  m e n t i o n e d  a b o v e .  The  
e f f e c t ,  h o w e v e r ,  was v e r y  c l e a r  a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e  
( F i g u r e  1 5 b ) .  I t  was c o n s i d e r e d  t h a t  t h e  NAR a t  t h e  h i g h e r  
n i g h t  t e m p e r a t u r e  w o u l d  g e n e r a l l y  f o l l o w  a s i m i l a r  t r e n d  t o  
t h a t  a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e .  T h u s ,  t h e  NAR h a s  t h e  
t e n d e n c y  t o  d e c r e a s e  w i t h  t h e  i n c r e a s e  i n  n i g h t  t e m p e r a t u r e  
f r o m  3 3 ° / 2 2 ° C  t o  3 3 ° / 2 8 ° C  a n d  d e c r e a s e  i n  p h o t o p e r i o d  f r o m  16 
h o u r s  t o  8 h o u r s  .
L e a f  a r e a  r a t i o . I n  c o n t r a s t  t o  NAR, t h e  LAR i n c r e a s e d  w i t h  
t h e  i n c r e a s e  i n  n i g h t  t e m p e r a t u r e  a n d  t h e  d e c r e a s e  i n  p h o t o ­
p e r i o d .  I t  e x h i b i t e d  a s i m i l a r  t r e n d  i n  b o t h  p e r i o d s  ( F i g u r e s  
1 5 c ,  d) w i t h  t h e  LAR v a l u e  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e  
a p p l i e d .  LAR a l s o  d e c r e a s e d  s i g n i f i c a n t l y  as  p h o t o p e r i o d  
i n c r e a s e d  f r o m  8 h o u r s  t o  12 h o u r s ,  b u t  t h e  d e c r e a s e  was  n o t  
s i g n i f i c a n t  as  t h e  p h o t o p e r i o d  was  f u r t h e r  i n c r e a s e d  f r o m  12 
h o u r s  t o  16 h o u r s .  Th u s  LAR v a r i e s  d i r e c t l y  w i t h  n i g h t  
t e m p e r a t u r e s  a p p l i e d  a n d  i n v e r s e l y  w i t h  t h e  p h o t o p e r i o d s  b e t w e e n  
8 h o u r s  a n d  12 h o u r s .
H e i g h t  g r o w t h . The e f f e c t s  o f  p h o t o p e r i o d  a n d  n i g h t  t e m p e r a ­
t u r e  on h e i g h t  g r o w t h  o f  t e a k  s e e d l i n g s  w e r e  a s s e s s e d  b o t h  as
16 8
h e i g h t  i n c r e m e n t  a n d  r e l a t i v e  h e i g h t  g r o w t h .  H e i g h t  i n c r e m e n t  
was g r e a t e r  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  a nd  l o n g e r  p h o t o ­
p e r i o d .  The i n c r e m e n t  i n  h e i g h t  was  s i g n i f i c a n t l y  g r e a t e r  a t  
3 3 ° / 2 8 ° C  t h a n  a t  3 3 ° / 2 2 ° C .  I t  a l s o  i n c r e a s e d  s i g n i f i c a n t l y  
as t h e  p h o t o p e r i o d  was  i n c r e a s e d  f r o m  8 h o u r s  t o  12 h o u r s .
The  d i f f e r e n c e  h o w e v e r  was n o t  s i g n i f i c a n t  b e t w e e n  t h e  
12 h o u r s  a n d  16 h o u r s  p h o t o p e r i o d s  ( F i g u r e  1 6 a ) .
The e f f e c t s  o f  b o t h  n i g h t  t e m p e r a t u r e  a n d  p h o t o p e r i o d s  
s t u d i e d  on t h e  r e l a t i v e  h e i g h t  g r o w t h  w e r e  n o t  s i g n i f i c a n t .
T h i s  was  d u e  t o  t h e  s e e d l i n g s  b e i n g  r e l a t i v e l y  l a r g e r  a t  b o t h  
t h e  h i g h e r  n i g h t  t e m p e r a t u r e  and  u n d e r  t h e  l o n g e r  p h o t o p e r i o d s  
when t h e  i n i t i a l  h e i g h t  m e a s u r e m e n t s  w e r e  t a k e n .  The i n i t i a l  
h e i g h t  m e a s u r e m e n t s  w e r e  t a k e n  o n l y  on t h e  2 4 t h  d a y  o f  t h e  
t r e a t m e n t ,  a n d  t h e  s e e d l i n g s  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  
a n d  l o n g e r  p h o t o p e r i o d s  w e r e  l a r g e r  t h a n  t h o s e  a t  t h e  l o w e r  
n i g h t  t e m p e r a t u r e  a n d  s h o r t e r  p h o t o p e r i o d s  ( T a b l e  39) . T h i s  
s i t u a t i o n  m a s k e d  t h e  e f f e c t s  o f  n i g h t  t e m p e r a t u r e  a n d  p h o t o ­
p e r i o d  on t h e  r e l a t i v e  h e i g h t  g r o w t h  r a t e s  o f  t h e  s e e d l i n g s .  
P o s s i b l y ,  h a d  t h e  s e e d l i n g s  b e e n  o f  t h e  s ame  s i z e  a t  t h e  
i n i t i a l  m e a s u r e m e n t s ,  some  e f f e c t s  o f  n i g h t  t e m p e r a t u r e  a nd  
p h o t o p e r i o d  c o u l d  h a v e  b e e n  d e m o n s t r a t e d .  D i f f e r e n c e s  i n  
r e l a t i v e  h e i g h t  g r o w t h  may o f  c o u r s e  h a v e  o c c u r r e d  b e f o r e  t h e  
2 4 t h  d a y  t o  a c c o u n t  f o r  t h e  l a r g e  d i f f e r e n c e s  i n  t o t a l  h e i g h t  
p r e s e n t  on t h a t  d a y .
From t h e  m e a s u r e m e n t s  o f  t h e  h e i g h t  i n c r e m e n t  a n d  a l s o  
f r o m  t h e  h e i g h t s  o f  t h e  s e e d l i n g s  a t  t h e  i n i t i a l  h e i g h t  
m e a s u r e m e n t s  t a k e n  on t h e  2 4 t h  d a y  o f  t h e  t r e a t m e n t  ( T a b l e  3 9 ) ,  
an e f f e c t  on h e i g h t  g r o w t h  o f  t e a k  s e e d l i n g s  may b e  d e d u c e d .  
H e i g h t  g r o w t h  i n c r e a s e d  w i t h  n i g h t  t e m p e r a t u r e  f r o m  22°C t o
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28 ° C  and  an i n c r e a s e  i n  p h o t o p e r i o d  f r o m  8 h o u r s  t o  12 h o u r s .  
No s i g n i f i c a n t  r e s p o n s e  i n  h e i g h t  g r o w t h  o c c u r r e d  w i t h  t h e  
c h a n g e  o f  p h o t o p e r i o d  f r o m  12 h o u r s  t o  16 h o u r s .
T a b l e  39 .  A v e r a g e  h e i g h t  o f  s e e d l i n g  a t  i n i t i a l  h e i g h t  
m e a s u r e m e n t s  t a k e n  on t h e  2 4 t h  d a y  o f  
t h e  t r e a t m e n t
T r e a t m e n t
A v e r a g e  h e i g h t  i n  cm
8 h r s 12 h r s 16 h r s
3 3 ° /  2 2 0 C 4 . 7 5 .9 6 . 6
3 3 ° / 2  8° C 6 .3 9 .9 8 . 6
D i a m e t e r  g r o w t h . T h e  e f f e c t s  o f  n i g h t  t e m p e r a t u r e  and  
p h o t o p e r i o d  on d i a m e t e r  g r o w t h  w e r e  a s s e s s e d  on b o t h  d i a m e t e r  
i n c r e m e n t  a n d  r e l a t i v e  d i a m e t e r  g r o w t h .  D i a m e t e r  i n c r e m e n t  
t e n d e d  t o  i n c r e a s e  w i t h  t h e  i n c r e a s e s  i n  b o t h  n i g h t  t e m p e r a ­
t u r e  a n d  p h o t o p e r i o d .  D i a m e t e r  i n c r e m e n t  was  g r e a t e r  a t  
t h e  h i g h e r  n i g h t  t e m p e r a t u r e  ( 0 . 0 1 8  cm) t h a n  a t  t h e  l o w e r  
( 0 . 0 1 7 )  , b u t  t h e  d i f f e r e n c e  w a s  s i g n i f i c a n t  o n l y  a t  10 p e r  c e n t  
l e v e l .  The e f f e c t  o f  p h o t o p e r i o d  on d i a m e t e r  i n c r e m e n t  was  
n o t  s i g n i f i c a n t ,  b u t  s h o w e d  a t e n d e n c y  t o  i n c r e a s e  w i t h  t h e  
i n c r e a s e  i n  p h o t o p e r i o d  f r o m  8 h o u r s  t o  12 h o u r s  a n d  t h e n  t o  
l e v e l  o f f  w i t h  f u r t h e r  i n c r e a s e  o f  p h o t o p e r i o d  t o  16 h o u r s  
( F i g u r e  16 c) .
The e f f e c t s  on t h e  r e l a t i v e  d i a m e t e r  g r o w t h  w e r e  a l s o  
n o t  s i g n i f i c a n t ,  b u t  d i d  h a v e  s i m i l a r  t r e n d s  t o  t h e  r e s u l t
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o b t a i n e d  f o r  d i a m e t e r  i n c r e m e n t  ( F i g u r e  1 6 d ) .
T h u s ,  NAR,  LAR, a n d  h e i g h t  g r o w t h  w e r e  s i g n i f i c a n t l y -  
a f f e c t e d  b y  n i g h t  t e m p e r a t u r e  a n d  p h o t o p e r i o d  s t u d i e d .  The 
LAR wa s  g r e a t e r  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  a n d  s h o r t e r  
d a y l e n g t h  w h i l s t  t h e  NAR was  j u s t  t h e  r e v e r s e ,  r e s u l t i n g  i n  
no  e f f e c t  on t h e  RGR . The  h e i g h t  g r o w t h  i n c r e a s e d  a t  h i g h e r  
n i g h t  t e m p e r a t u r e  a n d  l o n g e r  p h o t o p e r i o d .  I n  a l l  c a s e s ,  t h e  
r e s p o n s e s  t o  p h o t o p e r i o d  w e r e  d e m o n s t r a t e d  o n l y  b e t w e e n  8 
h o u r s  a n d  12 h o u r s  w i t h  n o  s i g n i f i c a n t  r e s p o n s e s  d e m o n s t r a t e d  
b e t w e e n  12 h o u r s  and  16 h o u r s .
1 3 . 3 . 2  Dry m a t t e r  d i s t r i b u t i o n
R e l a t i v e  g r o w t h  o f  s t e m  t o  t o t a l  p l a n t  w e i g h t . The  r e l a t i v e  
s t e m  g r o w t h  t o  t o t a l  w e i g h t  i n c r e a s e d  w i t h  t h e  i n c r e a s e  i n  
n i g h t  t e m p e r a t u r e  a n d  p h o t o p e r i o d  ( F i g u r e  1 7 ) .  I t  was  
s i g n i f i c a n t l y  g r e a t e r  a t  3 3 ° / 2 8 ° C  ( 0 . 8 0 2 0 )  t h a n  a t  3 3 ° / 2 2 ° C  
( 0 . 7 7 5 9 )  a n d  was  a l s o  s i g n i f i c a n t l y  h i g h e r  a t  t h e  12 h o u r  
( 0 . 7 9 9  8) t h a n  a t  t h e  8 h o u r  ( 0 . 7 6 3 6 )  p h o t o p e r i o d .  The 
d i f f e r e n c e  b e t w e e n  t h e  12 h o u r  a nd  16 h o u r  ( 0 . 8 0 3 3 )  p h o t o p e r i o d  
was  n o t  s i g n i f i c a n t .  T h u s ,  mor e  p h o t o s y n t h a t e  wa s  d i s t r i b u t e d  
t o w a r d s  t h e  s t e m  a t  33°  / 2 8 ° C  a nd  12 h o u r  a n d  16 h o u r  p h o t o ­
p e r i o d s .  T h e s e  r e s u l t s  s u p p o r t  t h e  r e s u l t s  o f  t h e  e f f e c t  o f  
n i g h t  t e m p e r a t u r e  a n d  p h o t o p e r i o d s  on h e i g h t  g r o w t h  w h e r e  
b e t t e r  h e i g h t  g r o w t h  was  o b t a i n e d  a t  3 3 ° / 2 8 ° C  a n d  12 h o u r  
and  16 h o u r  p h o t o p e r i o d .
The  e f f e c t  o f  p h o t o p e r i o d  a n d  n i g h t  t e m p e r a t u r e  on 
r e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t ,  l e a f  t o  t o t a l  w e i g h t ,  a n d
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r o o t  t o  t o t a l  w e i g h t  was  n o t  s i g n i f i c a n t .  T h i s  i n d i c a t e d  
t h a t  t h e  c h a n g e  i n  p h o t o p e r i o d  a n d  n i g h t  t e m p e r a t u r e  w i t h i n  
t h e  l i m i t s  s t u d i e d  d i d  n o t  c h a n g e  t h e  d i s t r i b u t i o n  o f  d r y  
m a t t e r  t o w a r d s  t h e  l e a f  a n d  t h e  r o o t .
1 3 . 4  D i s c u s s i o n  a n d  c o n c l u s i o n
The n e t  a s s i m i l a t i o n  r a t e ,  l e a f  a r e a  r a t i o ,  h e i g h t  g r o w t h  
and  d i s t r i b u t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  t h e  s t e m  a r e  
a f f e c t e d  b y  b o t h  t h e  n i g h t  t e m p e r a t u r e  a nd  p h o t o p e r i o d  r e g i m e s  
s t u d i e d .
The  n e t  a s s i m i l a t i o n  r a t e  was  g r e a t e r  a t  t h e  l o w e r  n i g h t  
t e m p e r a t u r e  a n d  l o n g e r  p h o t o p e r i o d  w h i l e  l e a f  a r e a  r a t i o  
e x h i b i t e d  a r e v e r s e  t r e n d .  T h i s  r e s u l t e d  i n  t h e  r e l a t i v e  g r o w t h  
r a t e  a p p e a r i n g  u n a f f e c t e d  by  b o t h  t e m p e r a t u r e  a n d  p h o t o p e r i o d  
as RGR = NAR x LAR.
H e i g h t  g r o w t h  was  b e t t e r  a t  b o t h  t h e  h i g h e r  n i g h t  
t e m p e r a t u r e  a n d  t h e  l o n g e r  p h o t o p e r i o d s .  T h i s  r e s u l t  was  
s u p p o r t e d  by  t h e  s i m i l a r  t r e n d  d e m o n s t r a t e d  b y  t h e  p a t t e r n  o f  
d i s t r i b u t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  t h e  s t e m .
I n  a l l  c a s e s  a r e s p o n s e  t o  p h o t o p e r i o d  was d e m o n s t r a t e d  
o n l y  b e t w e e n  e i g h t  h o u r s  a n d  12 h o u r s ,  a n d  t h e  d i f f e r e n c e  i n  
r e s p o n s e  b e t w e e n  12 h o u r s  a n d  16 h o u r s  was n o t  s i g n i f i c a n t .
S i n c e  t h e  d a y l e n g t h s  i n  t h e  r e g i o n s  o f  n a t u r a l  t e a k  z o n e  e x c e e d  
12 h o u r s ,  i t  a p p e a r s  p h o t o p e r i o d  i s  l i k e l y  t o  b e  o f  m i n o r  
i m p o r t a n c e  t o  t h e  d e v e l o p m e n t  a n d  g r o w t h  o f  t e a k .  The  e f f e c t  
o f  t e m p e r a t u r e  s u g g e s t s  a d e t a i l e d  s t u d y  o f  r e s p o n s e s  o f  t e a k  
t o  t h i s  c l i m a t i c  v a r i a b l e  w o u l d  b e  v a l u a b l e .
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CHAPTER XIV
EXPERIMENT ON GERMINATION OF TEAK SEED FROM 
FIVE DIFFERENT PROVENANCES
1 4 . 1  Ob j e c t
To s t u d y  t h e  d i f f e r e n c e s  i n  g e r m i n a t i o n  o f  t e a k  s e e d  f r o m  
N o r t h e r n  Bur ma  ( M y i t k y i n a ) ,  S o u t h e r n  Bur ma  ( T o u n g o o ) , I n d i a  
( K e r a l a  S t a t e )  , J a v a  ( P a t i )  , and  L a o s  C P a k s e )  .
1 4 . 2  M a t e r i a l s  a n d  m e t h o d s
The  e x p e r i m e n t  was c o n d u c t e d  i n  t h e  p h y t o t r o n  i n  C . S . I . R . O .  
C a n b e r r a .  T e a k  s e e d s  f r o m  N o r t h e r n  B u r m a ,  S o u t h e r n  B u r m a ,
I n d i a ,  J a v a  a n d  L a o s  o r i g i n s  w e r e  p r e t r e a t e d  by  a l t e r n a t e l y  
s o a k i n g  i n  r u n n i n g  t a p  w a t e r  a t  r oom t e m p e r a t u r e  f o r  24 h o u r s ,  
a n d  d r y i n g  i n  t h e  o p e n  g l a s s h o u s e  a t  3 0 ° / 2 5 ° C  f o r  24 h o u r s .
The p r o c e s s  was  r e p e a t e d  f o r  t h r e e  w e e k s  a nd  t h e  p r e t r e a t e d  
s e e d s  w e r e  sown i n  18 cm t o p  d i a m e t e r  p l a s t i c  p o t s  c o n t a i n i n g  
a m i x t u r e  o f  3 : 2  p e r l i t e  a n d  V e r m i c u l i t e  g r o w t h  m e d i u m .  The  
s e e d s  w e r e  c o v e r e d  w i t h  a p p r o x i m a t e l y  0 . 5  cm t h i c k n e s s  o f  t h e  s ame  
g r o w t h  me d i u m m i x t u r e .
T w e n t y  s e e d s  w e r e  sown i n  e a c h  p o t ,  a n d  a r e p l i c a t e  o f  
20 x 20 s e e d s  w e r e  u s e d  f o r  e a c h  p r o v e n a n c e .  The p o t s  w e r e  
p l a c e d  i n  t r o u g h s  c o n t a i n i n g  w a t e r  a p p r o x i m a t e l y  2 . 5  cm h i g h  
a n d  t h i s  w a t e r  l e v e l  m a i n t a i n e d  t h r o u g h o u t  t h e  e x p e r i m e n t .  The  
s e e d s  f r o m  a l l  f i v e  p r o v e n a n c e s  w e r e  s e t  o u t  t o  g e r m i n a t e  i n  
a 3 6 ° / 3 1 ° C  o p e n  g l a s s h o u s e ,  a n d  w e r e  w a t e r e d  f r o m  a b o v e  a t  
8 . 3 0  a . m .  and  3 . 3 0  p . m .  d a i l y .
G e r m i n a t i o n  was  r e c o r d e d  e a c h  d a y  a n d  as  s e e d s  g e r m i n a t e d  
t h e y  w e r e  p r i c k e d  o u t  t h e  s a me  d a y  a nd  sown i n  8 cm t o p
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d i a m e t e r  p o t  c o n t a i n i n g  t h e  s ame  g r o w t h  me d i u m m i x t u r e .
1 4 . 3  R e s u l t s
R e s u l t s  w e r e  c a l c u l a t e d  u s i n g  C z a b a t o r ’ s m e t h o d  as 
d e s c r i b e d  i n  s u b - s e c t i o n  5 . 4 . 3 .  T h e y  w e r e  as  g i v e n  i n  
T a b l e s  44 a n d  F i g u r e  1 8 ,  a n d  a n a l y s i s  o f  v a r i a n c e  I n  A p p e n d i x  
V.
T a b l e  4 4 .  R e s u l t s  o f  g e r m i n a t i o n  o f  p r o v e n a n c e s  s t u d i e d
P r o v e n  an ce s P e a k  v a l u e Mean d a i l y  
ge r m i n  a t i o n
Ge r m i n a t i o n  
v a l u e
J  a v a 3 . 3 2 3 6 1 . 5 1 8 8 5 . 2 8 2 4
Burma  (S) 1 . 7 1 5  8 0 . 9 9 3 8 1 . 9 0 9 8
I n d i a 0 . 8 7 3 7 0 . 4563 0 . 4 8 3 7
Bur ma  (N) 0 . 6 4 1 0 0 . 3 8 7 5 0 . 3 2 9 9
La o s 0 . 5 7 5 2 0 . 3 5 6 3 0 . 3 2 0 2
The v a l u e s  q u o t e d  a r e  t h e  mean v a l u e s  o f  20 o b s e r v a t i o n s ,  
c o n s e q u e n t l y  t h e  q u o t e d  g e r m i n a t i o n  v a l u e s  (GV) do n o t  e x a c t l y  
e q u a l  t h e  p r o d u c t  o f  t h e  c o r r e s p o n d i n g  p e a k  v a l u e  (PV) a n d  
mean d a i l y  g e r m i n a t i o n  (MDG).
S i m i l a r l y  r e s u l t s  w e r e  o b t a i n e d  f o r  s p e e d  o f  g e r m i n a t i o n  
( p e a k  v a l u e ) ,  a n d  t o t a l  g e r m i n a t i o n  (mea n  d a i l y  g e r m i n a t i o n )  
a n d  c o n s e q u e n t l y  f o r  g e r m i n a t i o n  v a l u e .  T h u s  t h e r e  was  no  
i n t e r a c t i o n  w i t h  p r o v e n a n c e  b e t w e e n  s p e e d  a n d  t o t a l i t y  o f  
ge r m i n a t i o n  .
The g e r m i n a t i o n  o f  t h e  J a v a n e s e  s e e d  was  f a r  b e t t e r  t h a n  
t h a t  o f  t h e  o t h e r  p r o v e n a n c e s .  The  PV ( 3 . 3 2 )
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r e c o r d e d  f o r  t h i s  p r o v e n a n c e  was  a l m o s t  d o u b l e  t h a t  r e c o r d e d  
f o r  a n y  o t h e r  p r o v e n a n c e ,  and  t h e  MDG v a l u e  a l s o  e x c e e d e d  o t h e r  
r e s u l t s  by  mo r e  t h a n  50 p e r  c e n t .  The  GV o f  t h e  J a v a n e s e  
p r o v e n a n c e  wa s  s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  S o u t h e r n  B u r me s e  
p r o v e n a n c e  a t  t h e  0 . 1  p e r  c e n t  l e v e l .  The  S o u t h e r n  Bur ma 
p r o v e n a n c e  i n  t u r n  was  s i g n i f i c a n t l y  ( 0 . 1  p e r  c e n t  l e v e l )  
b e t t e r  t h a n  t h e  I n d i a n ,  N o r t h e r n  B u r m e s e  and  L a o t i a n  
p r o v e n a n c e s  i n  s p e e d  a n d  t o t a l i t y  o f  g e r m i n a t i o n .  D i f f e r e n c e s  
b e t w e e n  t h e  I n d i a n ,  N o r t h e r n  B u r m e s e  a n d  L a o t i a n  p r o v e n a n c e s  
w e r e  h o w e v e r  n o t  s i g n i f i c a n t  (5 p e r  c e n t  l e v e l )  .
1 4 . 4  D i s c u s s i o n  a n d  c o n c l u s i o n
I t  s h o u l d  be  n o t e d  t h e  c o n d i t i o n s  f o r  g e r m i n a t i o n  w e r e  
b a s e d  on a p r e l i m i n a r y  e x p e r i m e n t  u s i n g  s e e d  f r o m  a t r o p i c a l  
s o u r c e  ( P a p u a  New G u i n e a ) . The s u p e r i o r i t y  o f  t h e  mor e  
t r o p i c a l  s o u r c e s  may h a v e  b e e n  due  a t  l e a s t  i n  p a r t  t o  t h e s e  
b e i n g  b e t t e r  s u i t e d  t o  t h e  36°C r e g i m e  t h a n  w e r e  t h e  l e s s  
t r o p i c a l  p r o v e n a n c e s .  The l e s s  t r o p i c a l  s o u r c e s  m i g h t  be  
b e t t e r  a t  l o w e r  t e m p e r a t u r e s .  S p a c e  d i d  n o t  a l l o w  d e t a i l e d  
s t u d y  o f  t h i s  b u t  s m a l l  s c a l e  c h e c k  e x p e r i m e n t s  i n d i c a t e d  
g e n e r a l l y  p o o r  g e r m i n a t i o n  a t  3 0 ° C.  C o n s e q u e n t l y  t h e  r e s u l t s  
o f  t h e  e x p e r i m e n t  may b e  i n t e r p r e t e d  a s  i n d i c a t i n g  r e a l  
d i f f e r e n c e s  i n  t h e  s e e d  q u a l i t y  o f  t h e  b a t c h e s  u s e d .
G e r m i n a t i o n  o f  t e a k  s e e d ,  h o w e v e r ,  c a n  b e  a f f e c t e d  by 
p e r i o d  a n d  c o n d i t i o n  o f  s t o r a g e  a n d  t i m e  o f  s e e d  c o l l e c t i o n  
( s e e  s e c t i o n s  5 . 2  a n d  5 . 3 ) .  As p a r t i c u l a r s  on s t o r a g e  a n d  
t i m e  o f  c o l l e c t i o n  o f  s e e d s  f r o m  I n d i a ,  J a v a  a n d  La os  w e r e  n o t  
a v a i l a b l e ,  i t  i s  n o t  p o s s i b l e  t o  d r a w d e f i n i t e  c o n c l u s i o n  f r o m
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t h e  r e s u l t s  o b t a i n e d .  M o r e o v e r ,  t h e  s e e d s  f r o m  J a v a  a p p e a r e d  
t o  h a v e  b e e n  g r a d e d  a n d  p o s s i b l y  s e l e c t e d  f o r  q u a l i t y ,  as 
t h e y  w e r e  b o t h  u n i f o r m  a n d  o f  a l a r g e r  s i z e  t h a n  a l l  o t h e r  
p r o v e n a n c e s .  I n  c o n t r a s t  t h e r e  w e r e  l a r g e  v a r i a t i o n s  i n  s e e d  
s i z e  i n  t h e  o t h e r  p r o v e n a n c e s .  P o s s i b l y ,  t h e  g r a d i n g  was 
due  t o  t h e  u s u a l  J a v a  p r a c t i c e  o f  o n l y  s o w i n g  s e e d  o f  14 mm 
d i a m e t e r  o r  g r e a t e r  ( G ä r t n e r ,  1 9 5 6 ) .  I f  s o ,  t h e s e  r e s u l t s  
w o u l d  s u p p o r t  t h e  p r a c t i c e .
H o w e v e r ,  s e e d s  f r o m  t h e  t wo Bu r me s e  p r o v e n a n c e s  w e r e  
known  t o  h a v e  b e e n  c o l l e c t e d  a t  t h e  s ame  t i m e  a n d  s t o r e d  u n d e r  
i d e n t i c a l  c o n d i t i o n s .  T h u s ,  t h e s e  t wo  p r o v e n a n c e s  may be  
e x p e c t e d  t o  b e  c o m p a r a b l e .  The  s u p e r i o r i t y  i n  g e r m i n a t i o n  o f  
t h e  S o u t h e r n  Bu r me s e  p r o v e n a n c e  t o  t h a t  o f  N o r t h e r n  Bu r me s e  
s u p p o r t s  t h e  r e s u l t s  o f  o b s e r v a t i o n s  i n  Bu r ma .  S e e d s  f r o m  
t h e  s o u t h e r n  p a r t  o f  t h e  c o u n t r y  h a v e  b e e n  r e p o r t e d  t o  a l w a y s  
g e r m i n a t e  b e t t e r  t h a n  s e e d s  f r o m  t h e  n o r t h e r n  p a r t  Cs ee  
s e c t i o n  5 . 3 )  . T h u s ,  i t  i s  p o s s i b l e  a r e a l  p r o v e n a n c e  d i f f e r e n c e  
i n  s e e d  q u a l i t y  a n d  g e r m i n a t i o n  d o e s  e x i s t .
S e e d  p r o d u c t i o n  a n d  s e e d  v i a b i l i t y  may t h u s  b e  r e l a t e d  
t o  l o c a l i t y ,  w i t h  t h e  mo r e  t r o p i c a l  a r e a s  g i v i n g  s u p e r i o r  
y i e l d s .  F u r t h e r  s t u d y  o f  t h i s  i s  n e e d e d ,  b u t  i f  t h i s  i s  s o ,  
t h e n  s e r i o u s  c o n s i d e r a t i o n  w o u l d  n e e d  t o  be  g i v e n  t o  s i t i n g  
s e e d  o r c h a r d s  i n  f a v o u r a b l e  l o c a l i t i e s .
C l e a r l y  i n  Bur ma  i f  g o o d  g e r m i n a t i o n  i s  r e q u i r e d ,  s e e d  
c o l l e c t i o n  s h o u l d  be  c a r r i e d  o u t  i n  t h e  s o u t h  r a t h e r  t h a n  i n  
t h e  n o r t h e r n  p a r t  o f  t h e  c o u n t r y .  T h i s  s h o u l d  be  s t r i c t l y  
a d h e r e d  t o  e s p e c i a l l y  when  g o o d  g e r m i n a t i o n  i s  r e q u i r e d  f o r  
e x t e n s i v e  p l a n t a t i o n  e s t a b l i s h m e n t  i n  t h e  s o u t h e r n  p a r t  o f
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t h e  c o u n t r y .  For  p l a n t a t i o n  e s t a b l i s h m e n t  i n  n o r t h e r n  a r e a s j  
p o o r  g e r m i n a t i o n s  may h a v e  t o  be t o l e r a t e d  i f  c l e a r  p r o v e n a n c e  
d i f f e r e n c e s  i n  p e r f o r m a n c e  are  f o u n d .
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CHAPTER XV
AN EXPERIMENT TO COMPARE THE EFFECT OF DAY AND NIGHT 
TEMPERATURES ON DEVELOPMENT OF FIVE PROVENANCES
OF TEAK SEEDLINGS
1 5 . 1  O b j e c t
To c o m p a r e  t h e  r e s p o n s e  o f  t e a k  s e e d l i n g s  f r o m  M y i t k y i n a  
( N o r t h e r n  B u r m a ) ,  T o u n g o o  ( S o u t h e r n  B u r m a ) ,  K e r a l a  S t a t e  
( w e t  p a r t  o f  I n d i a ) ,  P a t i  ( J a v a )  a n d  P a k s e  ( L a o s )  u n d e r  
v a r i o u s  c o m b i n a t i o n s  o f  d a y  a n d  n i g h t  t e m p e r a t u r e  r e g i m e s  
(6 t r e a t m e n t s ) . The  a r e a s  i n c l u d e d  i n  t h i s  e x p e r i m e n t  f o r m 
p a r t  o f  f i v e  o f  t h e  16 p r o v e n a n c e s  p r o p o s e d  i n  C h a p t e r  X as 
c o n s t i t u t i n g  t h e  b a s i c  mi n i mum f o r  p r o v e n a n c e  v a r i a t i o n  s t u d i e s  
o f  t e a k .
1 5 . 2  M a t e r i a l s  a n d  m e t h o d s
The o r i g i n a l  p l a n  f o r  t h e  e x p e r i m e n t  p r o p o s e d  f i v e  p a i r s  
o f  s e e d l i n g s  o f  e a c h  p r o v e n a n c e  s h o u l d  b e  i n c l u d e d  i n  e a c h  
t r e a t m e n t .  One s e e d l i n g  f r o m  e a c h  p a i r  was  t o  b e  h a r v e s t e d  
14 d a y s  a n d  t h e  o t h e r  28 d a y s  a f t e r  c o m m e n c e m e n t .  A l t h o u g h  
400 s e e d s  o f  e a c h  p r o v e n a n c e  w e r e  s o w n ,  t h e  g e r m i n a t i o n  was  
s o  s l o w  a n d  s p o r a d i c  t h a t  a l l  p r o v e n a n c e s  e x c e p t  J a v a  a nd  
S o u t h e r n  Bur ma g a v e  t o o  f ew s e e d l i n g s  f o r  t h e  f u l l  l a y o u t  t o  
be  p o s s i b l e .  The  i n t e r m i t t e n t  g e r m i n a t i o n  a l s o  m e a n t  s e e d l i n g s  
v a r i e d  i n  s i z e ,  a n d  t h e  s e e d l i n g s  w e r e  t h e r e f o r e  g r a d e d  t o  
a l l o w  t h i s  s i z e  v a r i a t i o n  t o  be  d i s t r i b u t e d  e v e n l y  b e t w e e n  
t r e a t m e n t s .  The  v a r i a t i o n  i n  t i m e  o f  g e r m i n a t i o n  a l s o  made 
i t  n e c e s s a r y  f o r  t h e  e x p e r i m e n t  t o  be  c a r r i e d  o u t  i n  f o u r  
o v e r l a p p i n g  p e r i o d s .  The  n u m b e r  o f  s e e d l i n g s  a v a i l a b l e  t h u s
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v a r i e d  f r o m  p r o v e n a n c e  t o  p r o v e n a n c e  a n d  t r e a t m e n t  t o  t r e a t ­
m e n t .  F u l l  d e t a i l s  o f  t h e  n u m b e r  o f  p a i r s  o f  s e e d l i n g s  f o r  
e a c h  p r o v e n a n c e  a n d  u n d e r  e a c h  t r e a t m e n t  a r e  g i v e n  i n  
T a b l e  4 5 .
T a b l e  4 5 .  Nu mb e r  o f  p a i r s  o f  s e e d l i n g s  u s e d  f o r  e a c h
p r o v e n a n c e  a n d  e a c h  t r e a t m e n t
P r o v e n  an ce Nu mb e r o f  p a i r s o f  s e e d l i n g s  a t
3 0 ° / 2 2 ° C 3 0 ° / 3 1 ° C 3 3 ° / 2 2 ° C 3 3 ° / 3 1 ° C 3 6 ° / 2 2 ° C 3 6 ° / 3 1 ° C
N o r t h e  r n
Bur ma 5 2 5 5 1 5
S o u t h e r n
Bur ma 5 5 5 5 5 5
I n d i a 5 5 5 5 3 5
J a v a 5 5 5 5 5 5
La o s 1 1 4
____________
4 2 5
The  s e e d l i n g s  u s e d  w e r e  t h o s e  g e r m i n a t e d  f o r  t h e  p r o v e n a n c e  
g e r m i n a t i o n  e x p e r i m e n t  ( s e e  s e c t i o n  1 4 . 2  f o r  d e t a i l s  o f  s e e d  
p r e t r e a t m e n t  a n d  g e r m i n a t i o n ) .
Due t o  s p a c e  l i m i t a t i o n s ,  o n e  o f  t h e  p a i r e d  p l a n t s  was  
p l a n t e d  i n  a 10 cm a n d  t h e  o t h e r  i n  a 15 cm t o p  d i a m e t e r  
p l a s t i c  p o t  u s i n g  a 1 : 1  m i x t u r e  o f  p e r l i t e  a nd  v e r m i c u l i t e  
as t h e  p o t t i n g  me d i u m.  The  p l a n t s  i n  10 cm d i a m e t e r  p o t s  
w e r e  u s e d  f o r  t h e  f i r s t  s a m p l i n g  a n d  t h o s e  i n  15 cm d i a m e t e r  
p o t s  w e r e  u s e d  f o r  t h e  f i n a l  s a m p l i n g .
I m m e d i a t e l y  a f t e r  p o t t i n g ,  t h e  s e e d l i n g s  w e r e  s e t  o u t  i n  
t h e  r e s p e c t i v e  o p e n  g l a s s h o u s e s .  W i t h  t h e  e x c e p t i o n  o f  t h e
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seedlings allotted to the 36°/31°C open glasshouse, seedlings 
under all other treatments had to be moved from one glass­
house to another on trolleys to get the required combinations 
of day and night temperatures. The seedlings were moved at
8.30 a.m. for their respective day temperatures and 4.30 p.m. 
for the night temperatures. Watering was carried out three 
times a day using modified Hoagland nutrient solution 
(Appendix III) at 8.30 a.m. and tap water at 12 noon and at
3.30 p.m.
One seedling of each pair was harvested on the 14th day 
and the other on either the 28th or 29th day from the start 
of the treatment. At both harvests leaf area, and dry weights of 
the roots and leaves were determined. Seedlings in the second 
harvest only were measured for height and diameter on the 
19th and either the 28th or 29th day. Leaf area was measured 
by means of an airflow planimeter. Plant heights were 
measured from cotyledon level to the point where the last pair 
of leaves split, and diameter measurements were taken at mid 
point between the first and the second pair of leaves in the 
direction parallel to the second pair of leaves.
The results were divided into (a) overall growth and dry 
matter production and (b) distribution of dry matter.
Relative growth rate, net assimilation rate and leaf 
area ratio were calculated using the following formulae 
detailed in Chapter XI
Relative growth rate (RGR) = ^°^e^2 ^°^e^l
where and = total dry weight at time 1 and 2 and 
t ^ and x. = time 1, and time 2
180
N e t  a s s i m i l a t i o n  r a t e  (NAR) = ^2 ^1 x ^ ° ^ e ^ 2  ^ ° ^ e ^ l
whe r e , W ^ a n d w2 = t o t a l d r y w e i g h t  a t  t i m e 1 and
Ai an d A2 = t  o t  a l l e a f  a r e a  a t  t i m e 1 a nd  2
t i a n d t 2 = t i m e  1 a n d  t i m e  2.
L e a f  a r e a  r a t i o  (LAR) = ^A ,
W“
w h e r e  = t o t a l  l e a f  a r e a  
W = t o t a l  d r y  w e i g h t
The  d i s t r i b u t i o n  o f  d r y  m a t t e r  was  c a l c u l a t e d  u s i n g  
t h e  a l l o m e t r i c  f o r m u l a
l o g A Cy) = a + k .  l o g  ( x ) ,
w h e r e  x a n d  y  = a n y  p o r t i o n  o f  a p l a n t  
a a n d  k = c o n s t a n t s
The  c o n s t a n t  k ,  w h i c h  i s  t h e  s l o p e  o f  t h e  r e g r e s s i o n  g i v e s
(S
t h e  r e l a t i v e  g r o w t h  r a t e  o f  ' y*  i n  r e l a t i o n  t o  ’ x ’ . U s i n g  
t h i s  f o r m u l a ,  t h e  r e l a t i v e  g r o w t h  r a t e s  o f  s h o o t  t o  r o o t ,  
r o o t  w e i g h t  t o  t o t a l  d r y  w e i g h t ,  s t e m  w e i g h t  t o  t o t a l  d r y  
w e i g h t  a n d  l e a f  w e i g h t  t o  t o t a l  d r y  w e i g h t  w e r e  c a l c u l a t e d  
f o r  e v e r y  p r o v e n a n c e  i n  e a c h  t r e a t m e n t .
S t a n d a r d  a n a l y s i s  o f  v a r i a n c e  was  f o l l o w e d ,  a n d  w h e r e  
a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  me a n s  was  f o u n d  t o  e x i s t ,  
t h e  me a ns  w e r e  s ub j e c te d  t  o L . S . D . t e s t  ( s e e  S t e e l  a nd  T o r r i e  
1960)  f o r  i n d i v i d u a l  c o m p a r i s o n .  The  m a j o r  e f f e c t s  a n a l y z e d  
w e r e  p r o v e n a n c e ,  d a y  t e m p e r a t u r e  and  n i g h t  t e m p e r a t u r e .  The 
t wo  way i n t e r a c t i o n s  b e t w e e n  t h e s e  f a c t o r s  w e r e  a l s o  e x a m i n e d .
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M i s s i n g  p l o t  s u b s t i t u t i o n  [ s e e  F r e e s e ,  p .  5 0 ,  1967 )  was
u s e d  i n  t h e  a s s e s s m e n t  o f  r e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t  
f o r  t h e  L a o t i a n  p r o v e n a n c e  a t  3 0 ° / 2 2 ° C ,  as  t h e  r e s u l t s  
o b t a i n e d  a p p e a r e d  a b n o r m a l l y  s m a l l .
1 5 . 3  R e s u l t s
1 5 . 3 . 1  O v e r a l l  g r o w t h  a n d  d r y  m a t t e r  p r o d u c t i o n
The  r e s u l t s  r e c o r d e d  a r e  d e t a i l e d  i n  T a b l e  46 a n d  F i g u r e s  
19 t o  2 1 ,  a n d  a n a l y s e s  o f  v a r i a n c e  i n  A p p e n d i x  V I I .  Mor e  
d e t a i l e d  r e s u l t s  a r e  g i v e n  i n  A p p e n d i x  VI .
( i )  D i a m e t e r  g r o w t h . D i a m e t e r  g r o w t h  was  a s s e s s e d  b o t h  as 
d i a m e t e r  i n c r e m e n t  a n d  r e l a t i v e  d i a m e t e r  g r o w t h .
A n a l y s i s  o f  t h e  r e s u l t s  o f  d i a m e t e r  i n c r e m e n t  g a v e  
s i g n i f i c a n t  i n t e r a c t i o n s  b e t w e e n  p r o v e n a n c e  a n d  d a y  t e m p e r a t u r e ,  
and  p r o v e n a n c e  a n d  n i g h t  t e m p e r a t u r e  ( T a b l e  4 6 ) .
T h e r e  a p p e a r  t o  be  d e f i n i t e  d i f f e r e n c e s  b e t w e e n  p r o v e n a n c e  
i n  d i a m e t e r  i n c r e m e n t  ( T a b l e  4 6 ) .  F o r  s i m p l i c i t y ,  r a n k i n g s  
a r e  g i v e n  b e l o w  w i t h  l i n e s  l i n k i n g  t r e a t m e n t s  w h i c h  d i d  n o t  
d i f f e r  s i g n i f i c a n t l y :
36 ° C ( Da y ) 33 ° C ( Day) 30 ° C ( Day)
Bu r ma  (N) 
J a v a  
_ L a o s
’ Bu r ma  (S)  
I n d i  a
! Bur ma  (S)  
J  a v a
j__Burma (N) 
Laos  
I n d i  a
The  n o r t h e r n  B u r m e s e  p r o v e n a n c e  was  a l w a y s  a m o n g s t  t h e
b e s t  i n  d i a m e t e r  i n c r e m e n t ,  a n d  was  n e v e r  s i g n i f i c a n t l y  
b e l o w  a ny  o t h e r  p r o v e n a n c e  ( F i g u r e  1 9 . 2 ) .  J a v a  was  as  g o o d  
as N o r t h e r n  Bu r ma  a t  36°C a n d  3 3 ° C ,  b u t  s i g n i f i c a n t l y  p o o r e r
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a t  3 0 °C .  S o u t h e r n  Burma  on t h e  o t h e r  h a n d  was a l s o  as  
g o o d  as  N o r t h e r n  Burma a t  33°C a nd  3 0 ° C ,  b u t  s i g n i f i c a n t l y  
p o o r e r  a t  t h e  h i g h e r  t e m p e r a t u r e  o f  3 6 ° C .  L a o s  was m a r g i n a l l y  
s i g n i f i c a n t l y  p o o r e r  t h a n  S o u t h e r n  Burma a t  33°C (LSD =
0 . 0 0 1 7 ,  w i t h  t h e  d i f f e r e n c e  b e i n g  0 . 0 0 1 9 ) .  T h i s  p r o v e n a n c e  
h o w e v e r  was  among t h e  b e s t  a t  36°C and  3 0 ° C .  The I n d i a n  
p r o v e n a n c e  was p o o r e s t  i n  a l l  t h e  d a y  t e m p e r a t u r e  r e g i m e s  
s t u d i e d .
W i t h i n  e a c h  p r o v e n a n c e ,  d i a m e t e r  i n c r e m e n t  i n c r e a s e d  
w i t h  d a y  t e m p e r a t u r e  f r o m  30°C t o  36°C ( F i g u r e  1 9 . 2 ) .  H o w e v e r ,  
some d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t  a n d  t h e  d e t a i l s  a r e  
d e p i c t e d  d i a g r a m m a t i c a l l y  b e l o w :
Burma (N) Burma (S) I n d i a J  av a Laos
36 °C [36 0 C 36 ° C 36 ° C 36 ° C
j~3 3° C [3 3° C 3 3 ° C 3 3 ° C 33°  C
[30°C 30 ° C 30 ° C 30 ° C [3 0 ° C
g e n e r a l  t r e n d h o w e v e r  was  f o r an i n c r e a s e i n  d i a m e t e r
i n c r e m e n t  w i t h  i n c r e a s e  i n  t e m p e r a t u r e  f r o m  30°C t o  3 6 ° C ,  
w h i c h  s u g g e s t e d  a l l  p r o v e n a n c e s  s t u d i e d  p r e f e r r e d  t h e  h i g h e r  
day  t e m p e r a t u r e .
N i g h t  t e m p e r a t u r e  a l s o  h a d  a m a r k e d  e f f e c t  on d i a m e t e r  
i n c r e m e n t ,  b e i n g  s i g n i f i c a n t l y  h i g h e r  a t  31°C t h a n  a t  22°C 
( T a b l e  4 6 ,  F i g u r e  1 9 . 1 ) .  The d e t a i l s  o f  t h e  n i g h t  t e m p e r a t u r e  
x p r o v e n a n c e  i n t e r a c t i o n s  a r e  g i v e n  b e l o w :
3 1 ° C ( N i g h t )
Laos  
J  av a
_Burma CN) 
Burma (S)  
I n d i a
2 2 0 C C N i g h t )
p B u r m a  (N) 
[_Burma (S)  
J  a v a  
_ Laos  
I n d i a
*83
W i t h i n  a l l  p r o v e n a n c e s ,  t h e  p e r f o r m a n c e  was s i g n i f i c a n t l y  
b e t t e r  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  ( 3 1 ° C ) .  The I n d i a n  
p r o v e n a n c e  a g a i n  g a v e  t h e  p o o r e s t  p e r f o r m a n c e  i n  d i a m e t e r  
i n c r e m e n t  a t  b o t h  t h e  n i g h t  t e m p e r a t u r e s .  N o r t h e r n  Burma 
was among t h e  b e s t  u n d e r  b o t h  t h e  n i g h t  t e m p e r a t u r e  r e g i m e s .  
J a v a n e s e  and  L a o t i a n  p r o v e n a n c e s  w e r e  as g o o d  as  N o r t h e r n  
B u r m e s e  a t  3 1 ° C ,  b u t  s i g n i f i c a n t l y  i n f e r i o r  a t  2 2 ° C .  S o u t h e r n  
Burma  was  s i g n i f i c a n t l y  p o o r e r  t h a n  t h e  p r o v e n a n c e s  f r o m  
L a o s ,  J a v a ,  a n d  N o r t h e r n  Burma  a t  3 1 ° C ,  b u t  was  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  f r o m  a n y  o f  t h e s e  a t  2 2 ° C .  T h u s ,  t h e  
d i a m e t e r  i n c r e m e n t  i n c r e a s e d  w i t h  t h e  i n c r e a s e  i n  n i g h t  
t e m p e r a t u r e  f r o m  22°C t o  3 1 ° C.  Once  a g a i n ,  N o r t h e r n  Burma 
was among t h e  b e s t  a n d  I n d i a  t h e  p o o r e s t  a t  b o t h  t h e  
t emp e r a t u r e s .
The  r e s u l t s  o f  t h e  r e l a t i v e  d i a m e t e r  i n c r e m e n t  was  
r a t h e r  c o n f u s i n g  as  t h e  i n i t i a l  m e a s u r e m e n t s  w e r e  t a k e n  o n l y  
on t h e  1 9 t h  d a y  o f  t h e  t r e a t m e n t  when t h e  s i z e s  o f  t h e  
s e e d l i n g s  a l r e a d y  v a r i e d .  T h i s  t e n d e d  t o  mask  t h e  e f f e c t  o f  
t h e  t r e a t m e n t s .  H o w e v e r ,  a l t h o u g h  t h e r e  was  an i n t e r a c t i o n  
b e t w e e n  n i g h t  a n d  d a y  t e m p e r a t u r e s ,  t h e r e  was  an i n d i c a t i o n  
t h a t  r e l a t i v e  d i a m e t e r  i n c r e m e n t  was s u p e r i o r  a t  b o t h  h i g h e r  
day  a n d  h i g h e r  n i g h t  t e m p e r a t u r e s  ( F i g u r e  1 9 . 4 ) .  The r e s u l t s  
a r e  shown d i a g r a m m a t i c a l l y  b e l o w :
3 1° C ( N i g h t ) 22 °C ( N i g h t )
r36°C  
r L 3 3 ° c  
30 ° C
36 ° C 
33°  C 
30 ° C
36 °c (Day) 33 ° C (Day) 30 0 C (Day)
2 2 ° C r 3 i ° c r 3 i ° c
3 1 ° C |^2 2 ° C |^2 2 °C
02
^ 2 2 ° c  
□  3 1 ° c
00
B(N) B(S)  Ind J av a Laos
X LSD
F i g u r e  1 9 . 1  D i a m e t e r  i n c r e m e n t s  o f  t h e  f i v e  
p r o v e n a n c e s  s t u d i e d  u n d e r  22°C 
a n d  31°C n i g h t  t e m p e r a t u r e s .
□
30°C
33° C
36° C
LaosJava
. 00 J
I LSD
F i g u r e  1 9 . 2  D i a m e t e r  i n c r e m e n t s  o f  t h e  f i v e
p r o v e n a n c e s  s t u d i e d  u n d e r  3 0 ° C ,  33°C 
a n d  36°C d a y  t e m p e r a t u r e s .
F i g u r e  1 9 . 3  The r e l a t i v e  d i a m e t e r  g r o w t h  o f  t e a k  
s e e d l i n g s  a t  3 0 ° C ,  33°C and  36°C d a y  
t e m p e r a t u r e s  a n d  22°C a n d  31° C n i g h t  
t e m p e r a t u r e s  .
184
As i n  t h e  d i a m e t e r  i n c r e m e n t , t h e  I n d i a n  p r o v e n a n c e  was  
s i g n i f i c a n t l y  t h e  p o o r e s t  i n  r e l a t i v e  d i a m e t e r  i n c r e m e n t  
( T a b l e  4 6 ) ,  t h u s  s u p p o r t i n g  t h e  r e s u l t s  o f  t h e  d i a m e t e r  
i n  c r e m e n t .
The d i a m e t e r  g r o w t h  t h e r e f o r e  i n c r e a s e d  w i t h  t h e  i n c r e a s e  
i n  b o t h  d a y  a n d  n i g h t  t e m p e r a t u r e s  s t u d i e d .  N o r t h e r n  B u r me s e  
p r o v e n a n c e  was  a m o n g s t  t h e  b e s t  i n  a l l  t h e  t r e a t m e n t s ,  w h i l s t  
I n d i a  was  t h e  p o o r e s t .  The  r e l a t i v e  p e r f o r m a n c e  o f  o t h e r  
p r o v e n a n c e s  c h a n g e d  s l i g h t l y  w i t h  t h e  d a y  a n d  n i g h t  t e m p e r a t u r e s .  
T h e r e  w e r e  i n d i c a t i o n s  t h a t  t h e  S o u t h e r n  B u r me s e  p r o v e n a n c e  
was  u n f a v o u r a b l e  i n  d i a m e t e r  g r o w t h  a t  t h e  h i g h e r  d a y  a n d  
n i g h t  t e m p e r a t u r e s  s t u d i e d .  T h i s  p r o v e n a n c e  g a v e  i t s  b e s t  
p e r f o r m a n c e  a t  3 3 ° / 2 2 ° C  d a y / n i g h t  t e m p e r a t u r e s .
( i i )  H e i g h t  g r o w t h . H e i g h t  g r o w t h  was  a l s o  a s s e s s e d  b o t h  as 
h e i g h t  i n c r e m e n t  a n d  r e l a t i v e  h e i g h t  i n c r e m e n t .
T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  h e i g h t  i n c r e m e n t  
o f  t h e  p r o v e n a n c e s  s t u d i e d .  At 31°C n i g h t  t e m p e r a t u r e ,  t h e  
h e i g h t  i n c r e m e n t  was  s i g n i f i c a n t l y  g r e a t e r  a t  36°C t h a n  a t  
33°C d a y  t e m p e r a t u r e s  w i t h  t h e  d i f f e r e n c e  b e t w e e n  33°C a n d  
30°C n o t  s i g n i f i c a n t .  At  22° C n i g h t  t e m p e r a t u r e ,  t h e  e f f e c t  
o f  d a y  t e m p e r a t u r e  on h e i g h t  i n c r e m e n t  wa s  n o t  s i g n i f i c a n t ,  
b u t  s h o w e d  a t e n d e n c y  f o r  b e t t e r  g r o w t h  a t  t h e  t w o  h i g h e r  
d a y  t e m p e r a t u r e  ( F i g u r e  2 0 . 1 ) .
D e s p i t e  a s i g n i f i c a n t  d a y  x n i g h t  t e m p e r a t u r e  i n t e r a c t i o n  
h e i g h t  i n c r e m e n t  was  s i g n i f i c a n t l y  g r e a t e r  a t  t h e  h i g h e r  n i g h t  
t e m p e r a t u r e  t h a n  a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e  s t u d i e d .  The  
e f f e c t  o f  d a y  t e m p e r a t u r e  on h e i g h t  i n c r e m e n t  was  h o w e v e r  
c o n f u s e d  d u e  t o  t h e  i n t e r a c t i o n  e f f e c t .  The  r e s u l t s  a r e  
s hown d i a g r a m m a t i c a l l y  b e l o w :
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5 1 ° C ( N i g h t ) 22 °C ( N i g h t )
36 ° C 
3 3 ° C 
30 ° C
33°  C 
3 6 ° C 
30 ° C
T h u s ,  h e i g h t  i n c r e m e n t  o f  t e a k  i s  g e n e r a l l y  f a v o u r e d  
b y  h i g h e r  t e m p e r a t u r e ,  p a r t i c u l a r l y  h i g h e r  n i g h t  t e m p e r a t u r e .
As i n  t h e  r e l a t i v e  d i a m e t e r  i n c r e m e n t ,  t h e  i n i t i a l  
m e a s u r e m e n t s  f o r  t h e  r e l a t i v e  h e i g h t  i n c r e m e n t  w e r e  t a k e n  
o n l y  on t h e  1 9 t h  d a y  o f  t h e  t r e a t m e n t  when t h e  s e e d l i n g s  
a l r e a d y  v a r i e d  i n  s i z e  due  t o  t r e a t m e n t  e f f e c t .  T h e r e  was  
a s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t  b e t w e e n  p r o v e n a n c e  a n d  n i g h t  
t e m p e r a t u r e  ( T a b l e  46 a nd  F i g u r e  2 0 . 2 )  a n d  t h e  r e s u l t s  a r e  
d e p i c t e d  d i a g r a m m a t i c a l l y  b e l o w :
3 1 ° C ( N i g h t )
; J  av a 
La o s
[_Burma (N) 
Bu r ma  (S) 
I n d i a
2 2 ° C ( N i g h t )
Bur ma  (N) 
J a v a
Bu r ma  (S)  
_In d i  a 
Laos
At  31°C n i g h t  t e m p e r a t u r e  t h e  r e l a t i v e  h e i g h t  g r o w t h  o f  
t h e  S o u t h e r n  B u r m e s e  p r o v e n a n c e  was  o n l y  m a r g i n a l l y  s i g n i f i ­
c a n t l y  p o o r e r  t h a n  t h a t  o f  t h e  J a v a n e s e  p r o v e n a n c e .  T h i s  
d i f f e r e n c e  was  a l m o s t  n o n  s i g n i f i c a n t  ( b e i n g  0 . 0 0 8 8 ,  a nd  
LSD = 0 . 0 0  89)  a n d  was  t h e r e f o r e  i g n o r e d .  The  I n d i a n  p r o v e n a n c e  
was  s i g n i f i c a n t l y  p o o r e s t  i n  r e l a t i v e  h e i g h t  g r o w t h  a t  3 1 ° C ,  
b u t  was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  b e s t  p r o v e n a n c e  
( N o r t h e r n  Bur ma )  a t  22° C n i g h t  t e m p e r a t u r e .  The  L a o t i a n  
p r o v e n a n c e  on t h e  o t h e r  h a n d  p e r f o r m e d  w e l l  i n  r e l a t i v e  h e i g h t  
g r o w t h  a t  31° C n i g h t  t e m p e r a t u r e ,  b u t  was  s i g n i f i c a n t l y  t h e  
p o o r e s t  a t  2 2 ° C ,  s u g g e s t i n g  u n s u i t a b i l i t y  o f  t h i s  p r o v e n a n c e
O.5.,
0.3 -
0.1
0  2 2 ° c  
□  3’°c
36°C
F i g u r e  2 0 . 1  H e i g h t  i n c r e m e n t  o f  t e a k  s e e d l i n g s  a t  
3 0 ° C ,  33°C a n d  36°C d a y  t e m p e r a t u r e s  
a nd  22° C a n d  31°C n i g h t  t e m p e r a t u r e s .
^  2 2 ° c  
□  3’°c
Java
Laos
F i g u r e  2 0 . 2  The  r e l a t i v e  h e i g h t  g r o w t h  o f  t h e
p r o v e n a n c e s  s t u d i e d  u n d e r  22° C and  31°C 
n i g h t  t e m p e r a t u r e s .
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f o r  t h e  l o w e r  n i g h t  t e m p e r a t u r e .  The  r e m a i n i n g  t h r e e  
p r o v e n a n c e s  w e r e  n o t  a f f e c t e d  s i g n i f i c a n t l y  by  t h e  c h a n g e  i n  
n i g h t  t e m p e r a t u r e  s t u d i e d .  A l t h o u g h  t h e  r e s u l t s  w e r e  c o n s i d e r e d  
c o n f u s i n g ,  t h e  p e r f o r m a n c e  o f  L a o t i a n  a n d  I n d i a n  p r o v e n a n c e s  
i n  h e i g h t  g r o w t h  a g r e e d  w i t h  t h e i r  p e r f o r m a n c e  i n  d i a m e t e r  
i n c r e m e n t .  T h i s  i n d i c a t e d  t h e  I n d i a n  p r o v e n a n c e  was  g e n e r a l l y  
p o o r  i n  s t e m  g r o w t h  a n d  t h e  L a o t i a n  p r o v e n a n c e  was  mo r e  s u i t a b l e  
f o r  31° C t h a n  2 2 ° C  n i g h t  t e m p e r a t u r e s .
R e l a t i v e  h e i g h t  g r o w t h  o f  t e a k  s e e d l i n g s  i n  g e n e r a l  wa s  
s i g n i f i c a n t l y  g r e a t e r  a t  t h e  h i g h e r  n i g h t  t e m p e r a t u r e  t h a n  a t  
t h e  l o w e r  n i g h t  t e m p e r a t u r e  f o r  a l l  p r o v e n a n c e s ,  a nd  t h i s  was  
i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  h e i g h t  i n c r e m e n t .
( i i i )  R e l a t i v e  g r o w t h  r a t e . The  r e l a t i v e  g r o w t h  r a t e  (RGR) 
was a f f e c t e d  o n l y  b y  t h e  c h a n g e  i n  n i g h t  t e m p e r a t u r e .  I t  was  
s i g n i f i c a n t l y  h i g h e r  a t  31°C (0 . 116 8 g / g / d a y )  t h a n  a t  22°C
( 0 . 0  8 79 g / g / d a y )  n i g h t  t e m p e r a t u r e .  The  e f f e c t s  d u e  t o  
p r o v e n a n c e  a n d  d a y  t e m p e r a t u r e  w e r e  n o t  s i g n i f i c a n t  a l t h o u g h  
t h e  RGR o f  t h e  p r o v e n a n c e s  v a r i e d  w i t h i n  t h e  r a n g e  0 . 0 9 1 2  - 
0 .  1 1 1 5 g / g / d a y  a n d  t h a t  o f  d a y  t e m p e r a t u r e  w i t h i n  t h e  r a n g e  
0 . 0 9  72 - 0 . 1 0  8 4 g / g / d a y .
( i v )  N e t  a s s i m i l a t i o n  r a t e . The  n e t  a s s i m i l a t i o n  r a t e  (NAR)
was  a f f e c t e d  o n l y  b y  d a y  t e m p e r a t u r e .  I t  was  s i g n i f i c a n t l y
2 2 g r e a t e r  a t  36°C ( 0 . 6 0 5 7 m g / c m  / d a y )  t h a n  a t  33°C ( 0 . 4 6 4 7 m g / c m  /
day)  a n d  30° C ( 0 . 4 1 2 3 m g / c m  / d a y )  w i t h  t h e  d i f f e r e n c e s  b e t w e e n
33°C a n d  30° C n o t  s i g n i f i c a n t  ( F i g u r e  2 1 . 1 ) .  No s i g n i f i c a n t
e f f e c t s  o f  p r o v e n a n c e  a nd  n i g h t  t e m p e r a t u r e  w e r e  f o u n d ,  b u t
t h e  NAR v a l u e  f o r  i n d i v i d u a l  p r o v e n a n c e s  r a n g e d  f r o m  0 . 4 5 6 2  - 
2
0 . 5 1 6 2 m g / c m  / d a y .
0 . 7 ,
0 . 6 -
0.5 •
0-4
N A R
Day t e m p
F i g u r e  2 1 . 1  The  i n c r e a s e  i n  NAR w i t h  t h e  
i n c r e a s e  i n  d a y  t e m p e r a t u r e  
f r o m 30 0 C t o  36°C
300 L A R
1 00 .
t e m p
F i g u r e  2 1 . 2  The  d e c r e a s e  i n  LAR w i t h  t h e  
i n c r e a s e  i n  da y  t e m p e r a t u r e  
f r o m 3 0 ° C t o  36°C
g
/g
/d
a
y
30 0 i
M
CM
&
O
1 5 0 .
LAR ( 1 )
1 I l s d<1
LAR ( 2 )
B u r  (N) 
B u r  ( S)  
I n d .
J  av  a 
L a o s
F i g u r e  2 1 . 3  Th e  c o m p a r a t i v e  v a l u e s  o f  t h e  LAR o f  t h e  
f i v e  p r o v e n a n c e s  s t u d i e d
0 . 12-1
0 . 1 1 -
0 . 10-
0 . 0 9 -
0 . 0 &
2 2 ° C
F i g u r e  2 1 . 4  T h e  i n c r e a s e  
i n  RGR w i t h  t h e  
i n c r e a s e  i n  n i g h t  
t e m p e r a t u r e  f r o m  
2 2 ° C t o  3 1 ° C
300
F i g u r e  2 1 . 5  The  i n c r e a s e  
i n  LAR w i t h  t h e  
i n c r e a s e  i n  n i g h t  
t e m p e r a t u r e  f r o m  
2 2 0 C t o  3 1 ° C
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( v)  L e a f  a r e a  r a t i o . The  l e a f  a r e a  r a t i o  (LAR) was  a s s e s s e d  
a t  b o t h  t h e  i n i t i a l  and  t h e  f i n a l  m e a s u r e m e n t s  a n d  a s i m i l a r  
t r e n d  was  d e m o n s t r a t e d  i n  e a c h .  The  e f f e c t s  o f  da y  
t e m p e r a t u r e  a n d  n i g h t  t e m p e r a t u r e  a n d  p r o v e n a n c e  w e r e  
s i g n i f i c a n t  i n  b o t h  m e a s u r e m e n t s .
W i t h i n  t h e  p r o v e n a n c e s  s t u d i e d ,  t h e  I n d i a n  p r o v e n a n c e  
h a d  s i g n i f i c a n t l y  t h e  s m a l l e s t  l e a f  a r e a  r a t i o  ( T a b l e  46 and  
F i g u r e  2 1 . 3 ) .  The  d i f f e r e n c e s  b e t w e e n  t h e  r e m a i n i n g  p r o v e n a n c e s  
w e r e  n o t  s i g n i f i c a n t .
At  t h e  i n i t i a l  m e a s u r e m e n t s ,  t h e  LAR i n c r e a s e d  a t  l o w e r  
da y  t e m p e r a t u r e s  and  h i g h e r  n i g h t  t e m p e r a t u r e  ( T a b l e  4 6 ) .
The  LAR was  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  da y  t e m p e r a t u r e s  
o f  36°C ( 1 7 1 . 8 c m 2 / g )  and  33°C (2 0 6 . 7  cm2 /  g) , and  a l s o  b e t w e e n  
33 ° C a n d  30°C ( 2 2 1 . 8 c m 2 / g )  ( F i g u r e  2 1 . 2 ) .  The LAR a l s o  
d e c r e a s e d  s i g n i f i c a n t l y  when t h e  n i g h t  t e m p e r a t u r e  was  r e d u c e d  
f r o m  3 1° C ( 22  8 . 2 c m 2 / g )  t o  2 2 ° C ( 1 7 2 . 0  cm2 /  g) . T h u s ,  LAR 
i n c r e a s e d  i n v e r s e l y  w i t h  d a y  t e m p e r a t u r e  a nd  d i r e c t l y  w i t h  
n i g h t  t e m p e r a t u r e  s t u d i e d .
At  t h e  f i n a l  m e a s u r e m e n t ,  a s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t  
b e t w e e n  d a y  a n d  n i g h t  t e m p e r a t u r e  was  f o u n d .  The  LAR f o r  
t h e  n i g h t  t e m p e r a t u r e  f o l l o w e d  t h e  s a me  p a t t e r n  as i n  t h e  
i n i t i a l  m e a s u r e m e n t s  ( T a b l e  4 6 ) .  The  LAR a t  t h e  t h r e e  d a y  
t e m p e r a t u r e s  e x h i b i t e d  a s i m i l a r  t r e n d  t o  t h a t  d e t e r m i n e d  i n  
t h e  i n i t i a l  m e a s u r e m e n t .  H o w e v e r ,  a t  t h e  l o w e r  n i g h t  t e m p e r a ­
t u r e ,  t h e r e w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  LAR a t  30° C and  
a t  3 3 ° C ,  b u t  t h e  d i f f e r e n c e  b e t w e e n  36°C a nd  33°C was  
s i g n i f i c a n t  ( T a b l e  4 6 ) .
1 5 . 3 . 2  D i s t r i b u t i o n  o f  d r y  m a t t e r
Th e  r e s u l t s  w e r e  as  g i v e n  i n  T a b l e  46 a n d  F i g u r e  2 2 ,  and
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a n a l y s e s  o f  v a r i a n c e  i n  A p p e n d i x  V I I .  Mo r e  d e t a i l e d  r e s u l t s  
a r e  g i v e n  i n  A p p e n d i x  V I .
( i )  R e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t . T h e  r e l a t i v e  g r o w t h  o f  
s h o o t  t o  r o o t  w a s  a f f e c t e d  b y  b o t h  t h e  d a y  a n d  n i g h t  t e m p e r a t u r e s  
b u t  n o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  p r o v e n a n c e s .  
H o w e v e r ,  t h e  a n a l y s i s  o f  v a r i a n t s  r e v e a l e d  t h e  e f f e c t  o f  d a y  
t e m p e r a t u r e  a s  s l i g h t l y  b e l o w  t h e  5 p e r  c e n t  s i g n i f i c a n t  l e v e l  
( 4 . 7 3 4  a n d  t a b u l a t e d  F = 4 . 7 4 ) ,  b u t  t h i s  wa s  c o n s i d e r e d  
s u f f i c i e n t l y  c l o s e  t o b e  r e g a r d e d  a s  s i g n i f i c a n t .
T h e  r e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t  wa s  s i g n i f i c a n t l y  
p o o r e r  a t  3 3 ° C  ( 0 . 9 6 7 )  t h a n  a t  3 6 0 C ( 1 . 0  83)  a n d  3 0 ° C ( 1 . 0 9 3 )  
d a y  t e m p e r a t u r e s  w i t h  t h e  d i f f e r e n c e  b e t w e e n  3 0 ° C a n d  3 6 ° C  n o t  
s i g n i f i c a n t  ( F i g u r e  2 2 . 1 ) .  A l s o ,  t h e  r e l a t i v e  g r o w t h  o f  s h o o t  
t o  r o o t  a t  3 1 ° C  n i g h t  t e m p e r a t u r e  ( 0 . 9 9 5 )  wa s  s i g n i f i c a n t l y  
p o o r e r  t h a n  a t  2 2 ° C  ( 1 . 1 0 0 )  ( F i g u r e  2 2 . 1 ) .  T h i s  i n d i c a t e d  t h a t  
l e s s  p h o t o s y n t h a t e  wa s  d i s t r i b u t e d  t o w a r d s  t h e  s h o o t ,  a n d  m o r e  
t o w a r d s  t h e  r o o t  a t  3 3 ° C  d a y  t e m p e r a t u r e  a n d  3 1 ° C n i g h t  
t e m p e r a t u r e  t h a n  a t  t h e  o t h e r  d a y  a n d  n i g h t  t e m p e r a t u r e s  s t u d i e d .
( i i )  R e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  t o  t o t a l  w e i g h t . T h e r e  wa s  
a s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t  b e t w e e n  ( a )  d a y  a n d  n i g h t  
t e m p e r a t u r e s ,  a n d  ( b )  p r o v e n a n c e  a n d  n i g h t  t e m p e r a t u r e s  on t h e  
r e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  w i t h  r e s p e c t  t o  t o t a l  w e i g h t  
( T a b l e  4 6 ,  F i g u r e s  2 2 . 2  a n d  2 2 . 3 ) .
3 1 °C ( N i g h t )  22 °C ( N i g h t )
p3 3 ° C 
L 3 6 °C  
30 ° C
3 3 ° C 
[~30 0 C 
[ 3 6 °  C
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As i l l u s t r a t e d ,  t h e  r e l a t i v e  g r o w t h  o f  r o o t  a t  3 1 ° C n i g h t  
t e m p e r a t u r e  wa s  s i g n i f i c a n t l y  p o o r e r  a t  t h e  30 ° C d a y  t e m p e r a ­
t u r e  w h i l s t  a t  t h e  2 2 ° C  n i g h t  t e m p e r a t u r e ,  i t  wa s  s i g n i f i c a n t l y  
p o o r e r  a t  b o t h  3 0 ° C  a n d  3 6 ° C  d a y  t e m p e r a t u r e s .  T h e  r e s u l t s  
i n d i c a t e d  m o r e  p h o t o s y n t h a t e  wa s  d i s t r i b u t e d  t o w a r d s  t h e  r o o t  
a t  3 3 ° C  d a y  t e m p e r a t u r e .
36 °C ( Da y ) 3 3 ° C ( Da y ) 30 °C ( Da y )
3 1 ° C 
2 2 0 C
3 1 ° C 
2 2 ° C
2 2 ° C
3 1° C
T h e  p a t t e r n  f o r  n i g h t  t e m p e r a t u r e  d i f f e r e n c e s  s h o w n  a b o v e  
i n d i c a t e s  t h e  r e l a t i v e  g r o w t h  o f  r o o t  w a s  s i g n i f i c a n t l y  h i g h e r  
a t  3 1 ° C  t h a n  a t  2 2 ° C  n i g h t  t e m p e r a t u r e s  a t  b o t h  3 6 ° C  a n d  33° C 
d a y ,  b u t  n o t  a t  3 0 ° C d a y  t e m p e r a t u r e  ( F i g u r e  2 2 . 3 ) .  T h i s  
s u g g e s t s  m o r e  p h o t o s y n t h a t e  wa s  d i s t r i b u t e d  t o w a r d s  t h e  r o o t  a t  
t h e  h i g h e r  t h a n  a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e  s t u d i e d  i f  t h e  
d a y  t e m p e r a t u r e  wa s  a l s o  h i g h .  H o w e v e r ,  t h e  e f f e c t  o f  n i g h t  
t e m p e r a t u r e  on  d i s t r i b u t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  t h e  r o o t  
wa s  m a s k e d  a t  t h e  l o w e s t  d a y  t e m p e r a t u r e  ( 3 0 ° C ) .
3 1 ° C ( N i g h t )
B u r m a  ( S)  
B u r m a  (N) 
J  a v a  
L a o s  
I n d i a
2 2 ° C ( N i g h t )
I n  d i  a 
B u r m a  ( S)  
B u r m a  (N) 
L a o s  
J a v a
T h e  e f f e c t  o f  i n t e r a c t i o n  b e t w e e n  p r o v e n a n c e  a n d  n i g h t  
t e m p e r a t u r e  on t h e  r e l a t i v e  g r o w t h  o f  r o o t  i s  d e p i c t e d  a b o v e .
At  3 1 ° C ,  t h e  d i f f e r e n c e s  a mong  t h e  p r o v e n a n c e s  w e r e  n o t  s i g n i f i ­
c a n t .  H o w e v e r ,  a t  2 2 ° C  t h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  
a mong  s o m e  p r o v e n a n c e s  ( F i g u r e  2 2 . 2 ) .  T h e  r e l a t i v e  g r o w t h  o f  
r o o t  f o r  t h e  I n d i a n  p r o v e n a n c e  wa s  s i g n i f i c a n t l y  h i g h e r  t h a n  f o r
DAY NIGHT1.1 .
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F i g u r e  2 2 . 1  The r e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t  a t  
3 0 ° C , 33°C a n d  36°C d a y  t e m p e r a t u r e s  and  
2 2 ° C a n d  30°C n i g h t  t e m p e r a t u r e s .
F i g u r e ' 2 2 . 2  The  r e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  t o
t o t a l  w e i g h t  o f  t h e  p r o v e n a n c e s  s t u d i e d  
a t  22° C and  31°C n i g h t  t e m p e r a t u r e s .
F i g u r e  2 2 . 3  The  r e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  t o  
t o t a l  w e i g h t  a t  3 0 ° C ,  33°C a n d  36°C 
d a y  t e m p e r a t u r e s  a n d  22°C a nd  31°C n i g h t
0 t e m p e r a t u r e  s .
S t e m  / T o t a l  w t Le a f /T o t a l  w t
F i g u r e  2 2 . 4  The r e l a t i v e  g r o w t h  o f  s t e m  a n d  l e a f  t o  
t o t a l  w e i g h t  a t  22°C a n d  31°C n i g h t  
t e mp e  r a t u r e s .
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t h e  L a o t i a n  and  J a v a n e s e  p r o v e n a n c e s ,  w h e r e a s  Bur ma  (S)  h a d  a 
s i g n i f i c a n t l y  h i g h e r  r e l a t i v e  g r o w t h  o f  r o o t  t h a n  t h e  J a v a n e s e  
p r o v e n  an c e .
( i i i )  R e l a t i v e  g r o w t h  o f  s t e m  w e i g h t  t o  t o t a l  w e i g h t . The  
r e l a t i v e  g r o w t h  o f  s t e m  t o  t o t a l  w e i g h t  wa s  a f f e c t e d  o n l y  b y  
n i g h t  t e m p e r a t u r e s  ( F i g u r e  2 2 . 4 ) .  No s i g n i f i c a n t  d i f f e r e n c e s  
w e r e  s h o wn  i n  t h e  r e l a t i v e  s t e m  g r o w t h  b e t w e e n  t h e  p r o v e n a n c e s  
o r  t h e  t h r e e  d a y  t e m p e r a t u r e s  s t u d i e d .
The  r e l a t i v e  g r o w t h  o f  s t e m  was  s i g n i f i c a n t l y  g r e a t e r  a t  
31°C ( 0 . 8 9 2 )  t h a n  a t  22°C ( 0 . 6 7 8 )  n i g h t  t e m p e r a t u r e s ,  i n d i c a t i n g  
mor e  p h o t o s y n t h a t e  was  d i s t r i b u t e d  t o w a r d s  t h e  s t e m  a t  t h e  
h i g h e r  t h a n  a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e s .
( i v )  R e l a t i v e  g r o w t h  o f  l e a f  w e i g h t  t o  t o t a l  w e i g h t . The  
r e l a t i v e  g r o w t h  o f  l e a f  t o  t o t a l  w e i g h t  was  a l s o  a f f e c t e d  
s i g n i f i c a n t l y  o n l y  by  n i g h t  t e m p e r a t u r e  ( F i g u r e  2 2 . 4 ) .  The  
d i f f e r e n c e s  among t h e  p r o v e n a n c e s  a n d  d a y  t e m p e r a t u r e s  s t u d i e d  
w e r e  n o t  s i g n i f i c a n t  ( T a b l e  4 6 ) .
The  r e l a t i v e  g r o w t h  o f  l e a f  t o  t o t a l  w e i g h t  wa s  s i g n i f i c a n t l y  
h i g h e r  a t  t h e  l o w e r  n i g h t  t e m p e r a t u r e s  ( 1 . 1 3 5 )  t h a n  a t  t h e  
h i g h e r  one  ( 1 . 0 4 1 ) .  T h i s  i n d i c a t e d  t h a t  l e s s  p h o t o s y n t h a t e  
was  d i s t r i b u t e d  t o w a r d s  t h e  l e a v e s  a t  h i g h e r  t h a n  a t  l o w e r  n i g h t  
t e m p e r a t u r e s  s t u d i e d  w i t h i n  t h e  r a n g e  22° C - 3 1 ° C.
15 . 4 D i s c u s s i o n  a nd  c o n c l u s i o n
1 5 . 4 . 1  P r o v e n  an ce
Among t h e  p r o v e n a n c e s  s t u d i e d ,  N o r t h e r n  B u r m e s e  p r o v e n a n c e  
c a n  b e  c o n s i d e r e d  as  t h e  b e s t  a n d  I n d i a n  p r o v e n a n c e  t h e  p o o r e s t .  
The  r e m a i n i n g  t h r e e  p r o v e n a n c e s  v a r i e d  i n  p e r f o r m a n c e  a c c o r d i n g
t o  t h e  p r e v a i l i n g  da y  a nd  n i g h t  t e m p e r a t u r e s .
N o r t h e r n  B u r m e s e  p r o v e n a n c e  was  a l w a y s  a m o n g s t  t h e  b e s t  
i n  d i a m e t e r  a n d  h e i g h t  g r o w t h  a n d  i n  l e a f  a r e a  r a t i o .  The 
I n d i a n  p r o v e n a n c e  on t h e  o t h e r  h a n d  was  a l m o s t  a l w a y s  a m o n g s t  
t h e  p o o r e s t  p r o v e n a n c e s .  The  J a v a n e s e  p r o v e n a n c e  p e r f o r m e d  
w e l l  a t  36°C a n d  33° C d a y  a n d  31°C n i g h t  t e m p e r a t u r e s  w h i l s t  
S o u t h e r n  B u r me s e  p r o v e n a n c e  p r e f e r r e d  t h e  o t h e r  e x t r e m e  o f  t h e  
t e m p e r a t u r e  s t u d i e d  ( 3 3 ° C  a n d  30°C d a y  a nd  22°C n i g h t  t e m p e r a ­
t u r e s ) .  The  L a o t i a n  p r o v e n a n c e  s h o w e d  v e r y  g o o d  p e r f o r m a n c e  i n  
a l l  t h r e e  d a y  t e m p e r a t u r e s  a n d  31° C n i g h t  t e m p e r a t u r e ,  b u t  d i d  
n o t  p e r f o r m  as  w e l l  a t  22° C n i g h t  t e m p e r a t u r e .
T h e r e  i s  t h e r e f o r e  c l e a r  e v i d e n c e  o f  p r o v e n a n c e  v a r i a t i o n ,  
b u t  n o  c l e a r  p a t t e r n  on w h i c h  t o  b a s e  r e c o m m e n d a t i o n .  The 
N o r t h e r n  B u r me s e  p r o v e n a n c e  c a n  b e  s e l e c t e d  f o r  u s e  o v e r  a w i d e  
t e m p e r a t u r e  r a n g e  i n c l u d i n g  h i g h  t e m p e r a t u r e s .  Mo s t  o f  t h e  
o t h e r  p r o v e n a n c e s  t e s t e d  came f r o m  mo r e  t r o p i c a l  a n d  t h e r e f o r e  
w a r m e r  l o c a t i o n s ,  a n d  t h e y  a p p e a r  t o  be  a d a p t e d  t o  n a r r o w e r  
t e m p e r a t u r e  l i m i t s .  F u r t h e r  s t u d y  o f  p r o v e n a n c e  v a r i a t i o n  and  
t h e  e f f e c t  o f  t e m p e r a t u r e  i s  n e e d e d .
1 5 . 4 . 2  G r o wt h
The  g r o w t h  p a r a m e t e r s  s t u d i e d  g e n e r a l l y  show t o  a d v a n t a g e  
a t  b o t h  h i g h e r  da y  a n d  n i g h t  t e m p e r a t u r e s  w i t h i n  t h e  r a n g e  s t u d i e d .  
The o n l y  e x c e p t i o n  was LAR w h i c h  d e m o n s t r a t e d  t h e  r e v e r s e  e f f e c t .
( i )  Day t e m p e r a t u r e . The  g r o w t h  p a r a m e t e r s  s t u d i e d ,  n a m e l y ,  
d i a m e t e r  g r o w t h ,  h e i g h t  g r o w t h ,  a n d  NAR i n c r e a s e d  w i t h  t h e  i n c r e a s e  
i n  d a y  t e m p e r a t u r e  f r o m  30° C t o  3 6 ° C ,  i n d i c a t i n g  t h e  p r e f e r e n c e  
o f  t h e  s p e c i e s  f o r  h i g h e r  t e m p e r a t u r e .  LAR h o w e v e r  d e c r e a s e d  
w i t h  i n c r e a s e  i n  d a y  t e m p e r a t u r e .  T h i s  c o u l d  be  due  t o  t h e
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s p e c i e s  h a v i n g  t o  a d j u s t  i t s  i n t e r n a l  w a t e r  b a l a n c e  w i t h  t h e  
i n c r e a s e d  t e m p e r a t u r e .
( i i )  N i g h t  t e m p e r a t u r e . The e f f e c t  o f  n i g h t  t e m p e r a t u r e  on 
g r o w t h  was  mo r e  p r o n o u n c e d  t h a n  t h a t  o f  d a y  t e m p e r a t u r e .
D i a m e t e r  g r o w t h ,  h e i g h t  g r o w t h ,  RGR a n d  LAR w e r e  h i g h e r  a t  31°C 
t h a n  a t  22° C n i g h t  t e m p e r a t u r e s .  NAR was  h o w e v e r  n o t  a f f e c t e d .
Due t o  t h e  h i g h e r  r e s p i r a t i o n  a n d  c o n s e q u e n t l y  t h e  
i n e f f i c i e n t  u t i l i z a t i o n  o f  mo r e  p h o t o s y n t h a t e  a t  h i g h e r  n i g h t  
t e m p e r a t u r e ,  RGR was  e x p e c t e d  t o  b e  l o w e r  a t  t h e  h i g h e r  n i g h t  
t e m p e r a t u r e .  The  g r e a t e r  LAR r e c o r d e d  a t  t h e  h i g h e r  n i g h t  
t e m p e r a t u r e ,  h o w e v e r ,  m u s t  b e  a l l o w i n g  c o m p a r a t i v e l y  mo r e  
ph o t  os yn t h  a t  e t o  b e  p r o d u c e d  t o  c o m p e n s a t e  f o r  t h e  i n c r e a s e d  
q u a n t i t y  u s e d  up i n  r e s p i r a t i o n .  T h u s ,  t h e  i m p r o v e d  RGR a t  
t h e  h i g h e r  n i g h t  t e m p e r a t u r e  was  m a i n l y  due  t o  t h e  g r e a t e r  LAR 
a t  t h a t  t e m p e r a t u r e .  T h i s  s u g g e s t s  s ome  s t u d i e s  o f  l e a f  
s t r u c t u r e  a n d  d e v e l o p m e n t  i n  t e a k  a t  h i g h  t e m p e r a t u r e s  w o u l d  b e  
v a 1 u ab 1 e .
I t  i s  c l e a r  t h a t  t e a k  s e e d l i n g s  t h r i v e  a t  h i g h  d a y  a n d  
n i g h t  t e m p e r a t u r e s ,  b u t  t h e r e  m u s t  b e  an u p p e r  l i m i t  a b o v e  w h i c h  
g r o w t h  w i l l  d e c l i n e .  T h i s  n e e d s  f u r t h e r  s t u d y .  H o w e v e r ,  36°C 
i s  q u i t e  h i g h  by  t h e  s t a n d a r d  o f  o t h e r  s p e c i e s .  C r e m e r  ( 1 9 6 8 )  
f o u n d  t h e  o p t i mu m t e m p e r a t u r e  f o r  P i n u s  r a d i a t  a t o  b e  2 4 ° / 1 9 ° C  
u n d e r  t h e  p h y t o t r o n  c o n d i t i o n  w h i l s t  S l e e  ( p e r s o n a l  c o m m u n i c a t i o n )  
f o u n d  t h e  p h y t o t r o n  o p t i mu m f o r  a t r o p i c a l  p i n e  ( P i n u s  c a r i b a e a ) 
t o  be  2 7 ° / 2 2 ° C .
A l t h o u g h  t h e  s t e m  g r o w t h  ( d i a m e t e r  a nd  h e i g h t  g r o w t h )  was  
s t i l l  r e s p o n d i n g  t o  t h e  i n c r e a s e  i n  d a y  t e m p e r a t u r e  f r o m 3 0 ° - 3 6 ° C  
t h e  f a c t  t h a t  t h e  RGR d i d  n o t  r e s p o n d  t o  d a y  t e m p e r a t u r e  s u g g e s t s
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t h a t  t h e  u p p e r  l i m i t  o f  t e m p e r a t u r e  r a n g e  f o r  g o o d  d e v e l o p m e n t  
o f  t e a k  s e e d l i n g s  c o u l d  be  w i t h i n  t h e  v i c i n i t y  o f  t h e  t e m p e r a t u r e  
r a n g e  s t u d i e d .  3 6 ° / 3 1 ° C  may t h e r e f o r e  be  a p p r o a c h i n g  t h e  
maxi mum d e s i r a b l e  t e m p e r a t u r e  l i m i t  f o r  t e a k .
1 5 . 4 . 3  Dry m a t t e r  d i s t r i b u t i o n
( i )  Day t e m p e r a t u r e . O n l y  t h e  r e l a t i v e  g r o w t h  o f  s h o o t  t o  
r o o t  a n d  t h a t  o f  r o o t  w e i g h t  t o  t o t a l  w e i g h t  w e r e  a f f e c t e d  by 
da y  t e m p e r a t u r e .  The  r e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t  was  
p o o r e s t  a t  33°C w i t h  n o  s i g n i f i c a n t  d i f f e r e n c e  s hown b e t w e e n  30°C 
a nd  3 6 ° C .  The  r e l a t i v e  g r o w t h  o f  r o o t  w e i g h t  t o  t o t a l  w e i g h t  
c o r r e s p o n d i n g l y  was  b e s t  a t  3 3 ° C .  S i n c e  t h e  r e l a t i v e  g r o w t h  o f  
s h o o t  ( i . e .  l e a f  a n d  s t e m )  was  n o t  a f f e c t e d  b y  d a y  t e m p e r a t u r e ,  
c l e a r l y  t h e  d r o p  i n  r e l a t i v e  g r o w t h  o f  s h o o t  t o  r o o t  was  s o l e l y  
due  t o  mo r e  p h o t o s y n t h a t e  b e i n g  d i s t r i b u t e d  t o w a r d s  t h e  r o o t  
( a s  s hown by t h e  i n c r e a s e  i n  r e l a t i v e  g r o w t h  o f  r o o t )  a t  t h a t  
p a r t i c u l a r  t e m p e r a t u r e .
T h e r e f o r e ,  s i n c e  t h e  d i s t r i b u t i o n  o f  d r y  m a t t e r  t o w a r d s  
t h e  r o o t  i n c r e a s e d  as  t h e  d a y  t e m p e r a t u r e  was  i n c r e a s e d  f r o m  
30°C t o  3 3 ° C ,  a n d  d e c r e a s e d  a g a i n  w i t h  f u r t h e r  i n c r e a s e  i n  
t e m p e r a t u r e  f r o m  33° C t o  3 6 ° C ,  i t  a p p e a r s  t h a t  33° C may be  a 
c r i t i c a l  o r  n e a r  c r i t i c a l  p o i n t  a t  t h e  h i g h e r  d a y  t e m p e r a t u r e  
l i m i t  o f  t h e  s p e c i e s ,  a t  w h i c h  t h e  p l a n t  s t a r t s  t o  r e a d j u s t  i t s  
d e v e l o p m e n t  p r o c e s s e s  f o r  s u r v i v a l  a t  h i g h e r  t e m p e r a t u r e .  T h i s  
s t r e n g t h e n s  t h e  p o s s i b i l i t y  t h a t  t h e  t e m p e r a t u r e  r e g i m e s  s t u d i e d  
c o u l d  be  a p p r o a c h i n g  t h e  v i c i n i t y  o f  t h e  u p p e r  l i m i t  o f  t h e  
t e m p e r a t u r e  r a n g e  f o r  g o o d  d e v e l o p m e n t  o f  t e a k  s e e d l i n g s  as
d i s c u s s e d  a b o v e .
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( i i )  N i g h t  t e m p e r a t u r e . N i g h t  t e m p e r a t u r e  s h o w e d  a s i g n i f i c a n t  
e f f e c t  on t h e  d i s t r i b u t i o n  o f  d r y  m a t t e r  on a l l  p a r t s  o f  t h e  
p l a n t .  More p h o t o s y n t h a t e  was  d i s t r i b u t e d  t o w a r d s  t h e  s t e m  
a n d  r o o t ,  a nd  l e s s  t o w a r d s  t h e  l e a v e s  a t  31°C t h a n  a t  22°C 
n i g h t  t e m p e r a t u r e .  T h u s ,  a l t h o u g h  t h e  l e a f  a r e a  r a t i o  was 
h i g h e r  a t  h i g h e r  n i g h t  t e m p e r a t u r e  ( s e e  1 5 . 4 . 2 ( i i ) ) ,  p h o t o -  
s y n t h a t e  d i s t r i b u t e d  t o w a r d s  t h e  l e a v e s  was  l e s s .  T h i s  a l s o  
s u g g e s t s  a c h a n g e  i n  l e a f  s t r u c t u r e  w i t h  t e m p e r a t u r e .  From 
t h e  p r o d u c t i o n  p o i n t  o f  v i e w ,  i t  i s  p r e f e r a b l e  t o  h a v e  mor e  
p h o t o s y n t h a t e  d i s t r i b u t e d  t o w a r d s  t h e  s t e m  a n d  i n  t h e  s e e d l i n g  
s t a g e ,  g o o d  r o o t  d e v e l o p m e n t  i s  p r e f e r a b l e  f o r  g o o d  s t u m p  
p r o d u c t i o n .  T h u s ,  h i g h e r  n i g h t  t e m p e r a t u r e s  a p p e a r  g e n e r a l l y  
d e s i r a b l e  f o r  t e a k  up t o  a t  l e a s t  3 1 ° C.
I n  c o n c l u s i o n ,  t h e  N o r t h e r n  B u r m e s e  p r o v e n a n c e  c a n  be  
c o n s i d e r e d  t h e  b e s t  a nd  t h e  I n d i a n  p r o v e n a n c e  t h e  p p o r e s t  
w i t h i n  t h e  r a n g e  s t u d i e d .  The  J a v a n e s e  p r o v e n a n c e  p e r f o r m e d  
w e l l  a t  t h e  h i g h e r  d a y  a n d  n i g h t  t e m p e r a t u r e s  w h i l e  t h e  S o u t h e r n  
B u r m e s e  p r o v e n a n c e  p r e f e r r e d  t h e  o t h e r  e x t r e m e  o f  t h e  t e m p e r a t u r e  
r a n g e .  The L a o t i a n  p r o v e n a n c e  p e r f o r m e d  w e l l  i n  a l l  t h e  
t e m p e r a t u r e  r e g i m e s  s t u d i e d  e x c e p t  a t  t h e  l o w e r  n i g h t  t e m p e r a ­
t u r e  (2 2 ° C) .
Gr o wt h  a n d  d e v e l o p m e n t  o f  t e a k  was  b e t t e r  a t  b o t h  t h e  
h i g h e r  d a y  a n d  n i g h t  t e m p e r a t u r e  r e g i m e s  e x a m i n e d .  The e f f e c t  
o f  n i g h t  t e m p e r a t u r e  on t h e  r e l a t i v e  g r o w t h  r a t e  was  s i g n i f i c a n t ,  
due  m a i n l y  t o  t h e  i n c r e a s e  i n  l e a f  a r e a  r a t i o  w i t h  n i g h t
t e m p e r a t u r e .
195
CHAPTER XVI 
CONCLUSION
The  i m p o r t a n c e  o f  t e a k  i n  S o u t h  E a s t  A s i a  i s  i n d i s p u t a b l e ,  
a n d  t h e  n e e d  i s  e v i d e n t  f o r  e s t a b l i s h m e n t  o f  h i g h  q u a l i t y -  
t e a k  p l a n t a t i o n ,  e v e n  i n  Bu r ma ,  t h e  l e a d i n g  t e a k  e x p o r t i n g  
c o u n t r y  i n  t h e  w o r l d .
1 6 . 1  0 c c u r r e n  ce
T e a k  o c c u r s  n a t u r a l l y  o n l y  i n  I n d i a ,  B u r ma ,  T h a i l a n d  
a n d  L a o s .  The  o c c u r r e n c e  i n  I n d o n e s i a  i s  n o t  n a t u r a l .  I t  
was  i n t r o d u c e d  i n  t h e  s e v e n t h  c e n t u r y  a n d  w o u l d  t h e r e f o r e  be  
s u f f i c i e n t l y  m o d i f i e d  a n d  a d a p t e d  t o  t h a t  l o c a l i t y  s o  as  t o  be  
c o n s i d e r e d  as  a s e p a r a t e  p r o v e n a n c e .
W i t h i n  i t s  n a t u r a l  r a n g e ,  t e a k  o c c u r s  o n l y  i n  s e m i ­
e v e r g r e e n ,  m o i s t  u p p e r  m i x e d  d e c i d u o u s ,  l o w e r  m i x e d  d e c i d u o u s ,  
d r y  u p p e r  m i x e d  d e c i d u o u s  and  i n d a i n g  f o r e s t  t y p e s  a c c o r d i n g  
t o  t h e  s t a n d a r d  o f  c l a s s i f i c a t i o n .  H o w e v e r ,  f o r  p l a n t a t i o n  
e s t a b l i s h m e n t ,  t h e  o r d e r  o f  p r e f e r e n c e  w o u l d  b e :
( i )  M o i s t  u p p e r  m i x e d  d e c i d u o u s
( i i )  Lowe r  m i x e d  d e c i d u o u s
( i i i )  S e m i - e v e r g r e e n
( i v )  Dr y  u p p e r  m i x e d  d e c i d u o u s
I n d a i n g  f o r e s t  t y p e  i s  n o t  s u i t a b l e  f o r  e s t a b l i s h m e n t  o f  t e a k  
p 1 an t  a t i  on .
1 6 . 2  R e q u i r e m e n t s  o f  t h e  s p e c i e s  
16 . 2 . 1 R a i n f  a l  1
Te a k  g r o ws  b e s t  w i t h i n  t h e  r a i n f a l l  r a n g e  b e t w e e n  1300
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3800  mm b u t  s t i l l  o c c u r s  w i t h i n  t h e  e x t r e m e  l i m i t s  o f  760 - 
5 ,0 80 mm. The  s p e c i e s  c a n n o t  t o l e r a t e  i n u n d a t i o n  n o r  s e v e r e  
d r o u g h t ,  b u t  n e e d s  a t  l e a s t  t wo  m o n t h s  o f  d e f i n i t e  d r y  s e a s o n  
f o r  n o r m a l  d e v e l o p m e n t .
1 6 . 2 . 2  T e m p e r a t u r e
T e a k  h a s  b e e n  r e c o r d e d  as g r o w i n g  w e l l  i n  s h a d e  
t e m p e r a t u r e s  r a n g i n g  b e t w e e n  1 2 . 5 ° C  - 4 0 ° C .  E x p e r i m e n t s  
c a r r i e d  o u t  u s i n g  s e e d l i n g  i n  t h e  c o n t r o l l e d  e n v i r o n m e n t s  
w i t h  a f i v e  d e g r e e  d i f f e r e n c e  i n  d a y  a n d  n i g h t  t e m p e r a t u r e s  
d e m o n s t r a t e d  v e r y  p o o r  d e v e l o p m e n t  a t  1 5 ° / 1 0 ° C  ( d a y / n i g h t ) ,  
b u t  t h e  s p e c i e s  g r e w  w e l l  i n  t e m p e r a t u r e s  o f  2 1 ° / 1 6 ° C  and  
h i g h e r .  W i t h i n  t h e  t e m p e r a t u r e  r a n g e  s t u d i e d  ( 1 5 ° / 1 0 ° C  - 
3 6 ° / 3 1 ° C ) , t e a k  g r e w b e s t  b e t w e e n  2 7 ° / 2 2 ° C  a nd  3 6 ° / 3 1 ° C .  
P e r f o r m a n c e  a t  h i g h e r  t e m p e r a t u r e  r e g i m e s  was  n o t  s t u d i e d .
A mor e  p r e c i s e  e x p e r i m e n t  a t  h i g h e r  t e m p e r a t u r e  s h o w e d  
d e v e l o p m e n t  and  g r o w t h  o f  t e a k  was  b e t t e r  a t  h i g h e r  t h a n  a t  
l o w e r  d a y  t e m p e r a t u r e s  w i t h i n  t h e  r a n g e  3 0 ^  - 3 6 ° C.  Gr o wt h  
a n a l y s i s  s h o w e d  t h i s  t o  be  d u e  t o  an i n c r e a s e  i n  n e t  
a s s i m i l a t i o n  r a t e  w i t h  an i n c r e a s e  i n  d a y  t e m p e r a t u r e .
The  e f f e c t  o f  n i g h t  t e m p e r a t u r e  on t h e  d e v e l o p m e n t  o f  
t e a k  was  mor e  p r o n o u n c e d  t h a n  t h a t  o f  d a y  t e m p e r a t u r e .  The 
b e t t e r  g r o w t h  a t  t h e  31°C t h a n  a t  t h e  22° C n i g h t  t e m p e r a t u r e  
was  d u e  t o  a h i g h e r  l e a f  a r e a  r a t i o  a t  3 1 ° C .
S t u d i e s  o f  p h o t o s y n t h a t e  d i s t r i b u t i o n  w i t h i n  t e a k  
s e e d l i n g s  s h o w e d  t h e  c o n c e n t r a t i o n  o f  p h o t o s y n t h a t e  t o w a r d s  
t h e  s t e m  i n c r e a s e d  w i t h  t e m p e r a t u r e  as  t h e  r e g i m e s  v a r i e d  f r o m 
1 8 ° / 1 3 ° C  t o  2 7 ° / 2 2 ° C .  S i m i l a r l y  p h o t o s y n t h a t e  was  a l s o  f o u n d  
t o  be  c o n c e n t r a t e d  mo r e  t o w a r d s  t h e  s t e m  a t  31°C t h a n  a t  22°C 
n i g h t  t e m p e r a t u r e s .  No d i f f e r e n c e  was  f o u n d  w i t h  da y
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t e m p e r a t u r e s  w i t h i n  t h e  r a n g e  30°C - 3 6 ° C .
T h u s ,  f o r  g o o d  d e v e l o p m e n t  o f  t e a k  i t  i s  p r e f e r a b l e  t o  
h a v e  h i g h  t e m p e r a t u r e s .  A l t h o u g h  h i g h  d a y  t e m p e r a t u r e s  ( up  
t o  36°C)  a r e  u s e f u l ,  h i g h  n i g h t  t e m p e r a t u r e s  up t o  a t  l e a s t  
31°C a p p e a r  p a r t i c u l a r l y  d e s i r a b l e .
1 6 . 2 . 3  L i g h t
A l t h o u g h  t e a k  i s  a s t r o n g  l i g h t  d e m a n d e r ,  i t  i s  r e p o r t e d  
as p r e f e r r i n g  s l i g h t  s h a d i n g  d u r i n g  t h e  s e e d l i n g  s t a g e .
T h e r e  was  l i t t l e  e f f e c t  o f  p h o t o p e r i o d  i n  s e e d l i n g  d e v e l o p ­
me n t  i n  c o n t r o l l e d  e n v i r o n m e n t  s t u d i e s  e x c e p t  a t  e x t r e m e l y  
s h o r t  d a y s .  G r o w t h  o f  t e a k  s e e d l i n g s  i m p r o v e d  w i t h  t h e  i n c r e a s e  
i n  p h o t o p e r i o d  f r o m  8 h o u r s  t o  12 h o u r s ,  b u t  t h e  s p e c i e s  d i d  
n o t  r e s p o n d  f u r t h e r  w i t h  an i n c r e a s e  f r o m  12 h o u r s  t o  16 h o u r s .  
As w i t h  t h e  t e m p e r a t u r e  e f f e c t ,  t h e  i n c r e a s e  i n  ph  o t  o s y n  t h  a t  e 
w i t h  t h e  i n c r e a s e  i n  p h o t o p e r i o d  f r o m  8 h o u r s  t o  12 h o u r s  was  
d i r e c t e d  mor e  t o w a r d s  t h e  s t e m  t h a n  any o t h e r  p a r t  o f  t h e  p l a n t .
I n  t r o p i c a l  a r e a s  t h e r e f o r e  d a y l e n g t h  f l u c t u a t i o n s  a p p e a r  
u n l i k e l y  t o  a f f e c t  g r o w t h  a p p r e c i a b l y .
1 6 . 2 . 4  S o i l s
Re v i e w o f  t h e  l i t e r a t u r e  i n d i c a t e s  s o i l  t y p e  as  an 
i m p o r t a n t  f a c t o r  i n  t h e  e s t a b l i s h m e n t  o f  t e a k  p l a n t a t i o n .  
G e n e r a l l y ,  t e a k  p r e f e r s  s o i l  o f  g o o d  s t r u c t u r e  s u c h  as d e e p ,  
w e l l  d r a i n e d  s a n d y  l oa m s o i l .  The  s p e c i e s  c a n n o t  t o l e r a t e  
s t i f f  c l a y e y  o r  l a t e r i t i c  s o i l .
1 6 . 3  Ge r m i n  a t  i  on
G e r m i n a t i o n  o f  t e a k  i s  g e n e r a l l y  p o o r  and  s p o r a d i c .  
D e f i c i e n c i e s  i n  g e r m i n a t i o n  a r e  f u r t h e r  a g g r a v a t e d  i f  s e e d s
a r e  c o l l e c t e d  e a r l y  i n  t h e  s e a s o n ,  as t h e y  c o n t a i n  a h i g h e r  
p e r c e n t a g e  o f  d a m a g e d  a n d  i m i t u r e  s e e d  t h a n  t h o s e  c o l l e c t e d  
l a t e r  i n  t h e  s e a s o n .
N o r m a l l y ,  i t  i s  b e t t e r  t o  p r e t r e a t  t h e  s e e d  b e f o r e  
g e r m i n a t i o n .  E x p e r i m e n t s  s h o w e d  t h e  common p r a c t i c e  o f  
a l t e r n a t e  s o a k i n g  i n  w a t e r  a n d  d r y i n g  t o  b e  t h e  m o s t  s u i t a b l e .  
H o w e v e r ,  t h i s  p r o c e s s  d o e s  n o t  g i v e  e n t i r e l y  s a t i s f a c t o r y  r e s u l t s  
a l t h o u g h  g e r m i n a t i o n  i n c r e a s e d  as t h e  p e r i o d  o f  p r e t r e a t m e n t  
i n c r e a s e d  f r o m one  week  t o  t h r e e  w e e k s .  T:he o p t i mu m p e r i o d  o f  
t r e a t m e n t  may b e  l o n g e r  t h a n  t h i s  a n d  s t i l l  n e e d s  t o  b e  
d e t e r m i n e d .  The m a j o r  p r o b l e m  o f  o b t a i n i n g  s a t i s f a c t o r y  g e r m i n ­
a t i o n  i n  t e a k  s t i l l  r e m a i n s .
1 6 . 4  N u r s e r y  and  e s t a b l i s h m e n t  t e c h n i q u e s
A r e v i e w  h a s  c l e a r l y  i n d i c a t e d  t h a t  t h e  u s e  o f  a t e m p o r a r y  
n u r s e r y  s h o u l d  b e  p r e f e r r e d  w h e r e  s c a t t e r e d  s m a l l  a r e a s  a r e  t o  
b e  e s t a b l i s h e d .  H o w e v e r ,  f o r  an e x t e n s i v e  a r e a  o f  p l a n t a t i o n ,  
a s e m i - p e r m a n e n t  n u r s e r y  w i t h  a l i f e  o f  s i x  y e a r s  w o u l d  b e  m o s t  
s u i t a b l e .  P r e s e n t  k n o w l e d g e  p r o b a b l y  l i m i t s  t h e  s a f e  u s e  o f  a 
n u r s e r y  s i t e  t o  a maxi mum o f  s e v e n  y e a r s .  To a s s i s t  i n  
m a i n t a i n i n g  s o i l  f e r t i l i t y ,  n u r s e r y  a r e a s  s h o u l d  be  u s e d  i n  
r o t  a t i o n  .
S e e d l i n g s  can  b e  l i f t e d  and  c o n v e r t e d  t o  s t u m p s  one  y e a r  
a f t e r  s o w i n g .  One t o  t wo  c e n t i m e t r e s  d i a m e t e r  a t  t h e  c o l l a r  
i s  t h e  b e s t  s i z e  f o r  m a k i n g  s t u m p s .  F o r  g o o d  s u r v i v a l  i n  t h e  
f i e l d ,  s t u m p s  s h o u l d  n o t  b e  s t o r e d  o r  t r a n s p o r t e d  f o r  mo r e  t h a n  
t wo  w e e k s .
E s t a b l i s h m e n t  b y  t h e  t a u n g y a  m e t h o d  i s  t h e  m o s t  s u i t a b l e  
w h e r e  t h e r e  i s  a p o p u l a t i o n  p r e s s u r e  a n d  t h e  d e ma n d  f o r  l a n d  i s
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h i g h .  Wher e  t h i s  m e t h o d  i s  i m p r a c t i c a b l e ,  m e c h a n i z a t i o n  s h o u l d  
be  c o n s i d e r e d .
A l t h o u g h  t e a k  i s  a v e r y  h a r d y  s p e c i e s ,  i t  i s  d i f f i c u l t  t o  
ma n a g e  s i  l v i  cu 1 t u r  a l  l y  . Wi de  i n i t i a l  s p a c i n g  i s  n o t  d e s i r a b l e  
as  i t  w o u l d  p r o m o t e  p r o d u c t i o n  o f  b o t h  a l a r g e  n o n - d u r a b l e  
c e n t r a l  c o r e  a nd  c o a s r e  b r a n c h i n g .  F o r  g o o d  d e v e l o p m e n t ,  
p r o d u c t i o n  o f  q u a l i t y  t i m b e r  a n d  a d e q u a t e  w e e d  c o n t r o l ,  a 
1 . 8  x 1 . 8m i n i t i a l  s p a c i n g  a p p e a r s  t o  be  b e s t .  At  a l a t e r  age  
h o w e v e r ,  t h e  p r e s e n c e  o f  u n d e r g r o w t h  t o  a c t  as  g r o u n d  c o v e r  t o  
p r e v e n t  s e r i o u s  e r o s i o n  i s  d e s i r a b l e .  T h i s  r e q u i r e s  m a n i p u l a t i o n  
o f  t h e  c r own  s p a c i n g  t o  a l l o w  e n o u g h  l i g h t  t o  e n c o u r a g e  t h e  
d e v e l o p m e n t  o f  u n d e r g r o w t h .  At  t h e  s ame t i m e  t h e  g a p s  p r o d u c e d  
c a n n o t  be  s o  l a r g e  s o  as  t o  i n d u c e  h e a v y  b r a n c h i n g .  T h u s ,  a 
f r e q u e n t  a n d  r e g u l a r  t h i n n i n g  i s  n e c e s s a r y  i n  a t e a k  p l a n t a t i o n .
N e g l e c t  o f  t h i n n i n g  b e s i d e s  l e a d i n g  t o  s e v e r e  e r o s i o n  ä l s o  
c h e c k s  t h e  s p e c i e s  d e v e l o p m e n t  s o  s e v e r e l y  t h a t  r e c o v e r y  c o u l d  
be  d i f f i c u I t .
1 6 . 5  V a r i a t i o n
T h e r e  i s  c l e a r  e v i d e n c e ,  i n  t h e  l i t e r a t u r e ,  o f  p r o v e n a n c e  
v a r i a t i o n  i n  t e a k .  S t u d i e s  o f  v a r i a t i o n  i n  g e r m i n a t i o n  s u g g e s t e d  
t h e  S o u t h e r n  Bu r me s e  p r o v e n a n c e  was s u p e r i o r  i n  g e r m i n a t i o n  t o  
t h e  N o r t h e r n  Bu r me s e  p r o v e n a n c e .  V a r i a t i o n  i n  g e r m i n a t i o n  a l s o  
a p p e a r e d  t o  e x i s t  b e t w e e n  t h e  I n d i a n ,  J a v a n e s e  a n d  L a o t i o n  
p r o v e n a n c e ,  b u t  a d e f i n i t e  c o n c l u s i o n  c o u l d  n o t  be  d r a wn  as  
i n f o r m a t i o n  on s e e d  c o l l e c t i o n  a n d  s t o r a g e  was  n o t  a v a i l a b l e .
A s t u d y  o f  v a r i a t i o n  i n  s e e d l i n g  d e v e l o p m e n t  i n  c o n t r o l l e d  
e n v i r o n m e n t s  i n d i c a t e d  t h e  N o r t h e r n  B u r m e s e  p r o v e n a n c e  was  
g e n e r a l l y  t h e  b e s t  a n d  t h e  I n d i a n  p r o v e n a n c e  t h e  p o o r e s t .
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The J a v a n e s e  p r o v e n a n c e  p e r f o r m e d  b e t t e r  a t  t h e  h i g h e r  d a y  
a n d  n i g h t  t e m p e r a t u r e s  w h i l s t  t h e  S o u t h e r n  B u r m e s e  p r o v e n a n c e  
p r e f e r r e d  t h e  l o w e r  d a y  a n d  n i g h t  t e m p e r a t u r e s .  The L a o t i a n  
p r o v e n a n c e  d i d  n o t  show a n y  d i f f e r e n c e  w i t h i n  t h e  d a y  t e m p e r a t u r e  
r e g i m e s  s t u d i e d  ( 3 0 ° C - 3 6 ° C ) ,  b u t  s h o w e d  p r e f e r e n c e  f o r  h i g h e r  
n i g h t  t e m p e r a t u r e .
T h u s ,  t h e  N o r t h e r n  B u r m e s e  p r o v e n a n c e  c o u l d  be  u s e d  wi t h  
some c o n f i d e n c e  i n  any  a r e a  s u i t a b l e  f o r  t e a k  g r o w t h .  The  
J a v a n e s e  and  t h e  L a o t i a n  p r o v e n a n c e s  a p p e a r  m o s t  s u i t e d  t o  
t r o p i c a l  a r e a s  w h e r e  d a y  a n d  n i g h t  t e m p e r a t u r e s  a r e  h i g h ,  w h i l s t  
t h e  S o u t h e r n  B u r me s e  p r o v e n a n c e  m i g h t  b e  b e s t  i n  l e s s  t r o p i c a l ,  
c o o l e r  a r e a s .  The  I n d i a n  p r o v e n a n c e  s h o u l d  be  u s e d  o n l y  when 
s e e d s  f r o m  o t h e r  p r o v e n a n c e s  a r e  u n a v a i l a b l e  o r  when e x p e r i m e n t s  
h a v e  i n d i c a t e d  i t s  u s e f u l n e s s  i n  t h e  l o c a l i t y .
1 6 . 6  P o s s i b i l i t i e s  f o r  t r e e  b r e e d i n g
As w e l l  as  t h e  mo r e  u s u a l  t r e e  b r e e d i n g  c r i t e r i a ,  l a t e  
f l o w e r i n g  a p p e a r e d  i m p o r t a n t  i n  t e a k .  T h i s  i s  b e c a u s e  a f o r k  
d e v e l o p s  a f t e r  t h e  i n i t i a l  f l o w e r i n g  i n  t e a k .  P r o p a g a t i o n  o f  
s t r a i n s  w i t h  d e s i r a b l e  c h a r a c t e r i s t i c s  i s  m o s t  e a s i l y  e f f e c t e d  
v e g e t a t i v e l y  b y  me a n s  o f  b u d d i n g .  T h e r e f o r e ,  as  t h e  s p e c i e s  
can b e  e a s i l y  p r o p a g a t e d  v e g e t a t i v e l y ,  a n d  b e c a u s e  l a t e  
f l o w e r i n g  i s  a d e s i r a b l e  c h a r a c t e r i s t i c ,  c l o n a l  s e e d  o r c h a r d s  
w o u l d  be  mor e  s u i t a b l e  t h a n  s e e d l i n g  s e e d  o r c h a r d s .
I t  i s  v e r y  i n c o n v e n i e n t  t o  c a r r y  o u t  c o n t r o l  p o l l i n a t i o n s  
i n  t e a k  and  o pe n  p o l l i n a t e d  t e s t s  a p p e a r  mo r e  s u i t a b l e  i n  many 
w a y s .  H o w e v e r ,  i f  c o n t r o l - p o l l i n a t i o n s  a r e  d e s i r e d ,  i s o l a t i o n  
and  e m a s c u l a t i o n  m u s t  b e  c a r r i e d  o u t  w i t h i n  one  h o u r  o f  t h e  
f l o w e r s  b e c o m i n g  f u l l y  o p e n e d ,  a n d  t h e  b e s t  t i m e  t o  c a r r y  o u t  
p o l l i n a t i o n s  i s  b e t w e e n  10 a . m .  a n d  3 p . m .
APPENDIX I
L i s t  o f  s p e c i e s  c ommonl y  f o u n d  i n  t h e  v a r i o u s  
_____________ f o r e s t  t y p e s  o f  Bur ma___________________
B u r me s e  Name B o t a n i c a l  Name
T r o p i c a l  Wet  E v e r g r e e n
T r e e  S p e c i e s
Auk c h i n s  a 
G an g aw 
K an as  o 
K a n y i n  
Ka r  awe 
K aun  ghmu 
Kyi  1 an 
My a u k  1 ok 
S ag aw a 
T aun  gp e i n  
T aun g t h  ay e t  
Ta wt h  aye  t  
Th a b y e g y i  
T h i n  g a d u  
T h i n  gan 
Th i  t k  a 
T h i t s h o  
Yi nma
B amb oos
Ti nw a
Wabo o r  K y a l o  
Wab omy e t  s an gy e 
W anwe 
Wa p y u g y i  
W a t h  ab u t
T r e e  S p e c i e s
B a i n  g 
B amb we 
Di du 
Gwe 
Gy o 
Kal  aw 
K a n y i n  
Le t k  ok 
Le t p  an 
My auk ch aw
D i o s p y r o s  e h r e t i o i d e s  W a l l  
Me s u a  f e r r e a  L i n n .
B a c c a u r e a  s a p i d a  Mu e 11 .
D i p t e r o c a r p u s  s p p .
Ci nnamomum i n u n c t u m  M e i s s n .  
A n i s o p t e r a  s c a p h u l a  ( R o x b . )  P i e r r e  
S h o r e a  a s s a m i c a  D y e r .
A r t o c a r p u s  l a k o o c h a  Roxb .
M i c h e l i a  c h a m p a c a  L i n n .
A r t o c a r p u s  c a l o p h y l l a  K u r z .  
S w i n t o n i a  f l o r i b u n d a  G r i f f .  
M a n g i f e r a  c a l o n e u r a  K u r z .
E u g e n i a  g r a n d i s  W i g h t .
P a r a s h o r e a  s t e l l a t a  K u r z .
H o p e a  o d o r a t a  Roxb .
P e n t a c e  b u r m a n i c a  K u r z .
P e n t a c e  g r i f f i t h i i  K i n g  
C h u k r a s i a  t a b u l a r i s  A. J u s s .
C e p h a l o s t a c h y u r n  p e r g r a c i l e  Munro 
D e n d r o c a l a m u s  b r a n d i s i i  K u r z .  
D e n d r o c a l a m u s  h a m i l t o n i i  Ne e s  . e x  A r n . 
Oxy t  en an t h  e r  a a l b o - c i l i a t a  Munr o  
G i g a n t o c h l o a  m a c r o s t a c h a y  a K u r z .  
Ba m b u s a  m a r g i n a t a  Munr o
T r o p i c a l  S e m i - E v e r g r e e n
T e t r a m e i e s  n u d i f l o r a  R. B r .
C a r e y a  a r b o r e a  Roxb .
S a l m a l i a  i n s i g n i s  S c h o t t  a nd  E n d l .  
S p o n d i a s  p i n n a t a  ( L i n n . )  K u r z .  
S c h l e i c h e r a  o l e o s a  ( L o u r . )  M e r r .  
H y d n o c a r p u s  k u r z i i  ( K i n g )  W a r b u r g  
D i p t e r o c a r p u s  s p p .
P t e r y g o t a  a l a t a  ( R o x b . )  R. B r .  
S a l m a l i a  m a l a b a r i c a  S c h o t t  a n d  E n d l .  
H o m a l i u m  t o m e n t o s u m  B e n t h .
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APPENDIX I (cont'd)
List of species commonly found in the various 
___________ forest types of Burma_______________
Burmese Name Botanical Name
Pyink ado 
Pyinma 
Sit
T aukkyan 
T aungp einne 
Teak or Kyun 
Thab aung 
Th aby e 
Y emane
Bamboos
Kyathaungwa
Tinwa
Wabomyets angye 
Wapyu
Tree Species
Binga 
Di du
My auk ch aw 
N ab e 
P adauk 
Pyink ado 
Pyinma
Teak or Kyun 
Yemane
B amb oos
Kyathaungwa
Tinwa
W abomyets angye
Tree Species
Hnaw
In
Ingyin 
Lein 
P adauk
Xylia dolabriformis Benth .
Lagerstroemia speciosa (Linn.) Pers. 
Albizzia procera Benth.
Terminalia tomentosa W. and A. 
Artocarpus chaplasha Roxb.
Tectona grandis Linn. f.
Calamus longisetus Griff.
Eugeni a spp.
Gmelina arborea Roxb.
Bambusa polymorpha Munro
Cephalostachyum pergracile Munro
Dendrocalamus hamiltonii Nees and
Arn .
Dendrocalamus membranaceus Munro 
Moist Upper Mixed Deciduous
Mitragyna rotundifolia 0. Ktze. 
Salmalia insignis Schott and Endl. 
Homalium tomentosum Benth.
Lannea grandis Eng.
Pterocarpus macrocarpus Kurz.
Xylia dolabriformis Benth.
Lagerstroemia speciosa Pers. 
Tectona grandis Linn. f.
Gmelina arborea Roxb.
Bambusa polymorpha Munro
Cepha1 ostachyum pergracile Munro
Dendrocalamus hamiltonii Nees ex Arn.
Dry Upper Mixed Deciduous
Adina cordifolia Hook. f.
Dipterocarpus tuberculatus Roxb. 
Pentacme siamensis (Miq.) Kurz. 
Terminalia pyrifolia Kurz. 
Pterocarpus macrocarpus Kurz.
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APPENDIX I ( c o n t ' d )
L i s t  o f  s p e c i e s  c ommonl y  f o u n d  i n  t h e  v a r i o u s  
_____________ f o r e s t  t y p e s  o f  Bur ma___________________
Bu r me s e  Name B o t a n i c a l  Name
P a n g a  
P y i n k  ado  
T a u k k y  an 
T e a k  o r  Kyun 
T h i t y  a
B amb o o s
Ky a t h  aun gw a 
Th a i k w a 
Th an aw a 
Ti nw a 
Myi nwa
T e r m i n a l i a  c h e b u l a  R e t z .
X y l i a  do  1 a b r i f o r m i s  B e n t h .  
T e r m i n a l i a  t o m e n t o s a  W. and  A. 
T e c t o n a  g r a n d i s  L i n n .  f .
S h o r e a  o b l o n g i f o l i a  Th w.
B a mb u s a  p o l y m o r p h a  Munr o  
B a m b u s a  t u l d a  R o x b .
T h y r s o s t a c h y s  o l i v e r i  Gambl e  
C e p h a l o s t a c h y u m  p e r g r a c i l e  Munr o  
D e n d r o c a l a m u s  s t r i c t u s  N e e s .
Lowe r  Mi x e d  D e c i d u o u s
T r e e  S p e c i e s  
Le z a
My auk ch aw 
P y i n k  ado  
P y i n m a  
S i t
T a u k k y  an 
T e a k  o r  Kyun 
Y on
Z i n b y u n
L a g e r s t r o e m i a  t o m e n t o s a  P r e s l .  
H o m a l i u m  t o m e n t o s u m  B e n t h .
X y l i a  d o l a b r i f o r m i s  B e n t h .
L a g e r s t r o e m i a  s p e c i o s a  ( L i n n . )  P e r s . 
A l b i z z i a  p r o c e r a  B e n t h .
T e r m i n a l i a  t o m e n t o s a  W. a n d  A. 
T e c t o n a  g r a n d i s  L i n n .  f .
A n o g e i s s u s  a c u m i n a t a  W a l l .
D i l l e n i a  p e n t a g y n a  Roxb .
D e c i d u o u s  D i p t e r o c a r p  o r  I n d a i n g  F o r e s t s
T r e e  S p e c i e s
In
I n  g y i n  
T h i t s  i  
T h i t y  a
Di p  t e r o c a r p u s  t u b e r c u l a t u s  Roxb .  
P e n t a c m e  s i a m e n s i s  ( M i q . )  K u r z .  
M e l a n o r r h o e  u s i t a t a  W a l l .
S h o r e a  o b l o n g i f o l i a  Thw.
Dry F o r e s t s
T r e e  S p e c i e s
Dah a t  
S h a
T an a ung  
Te
Th an
T e c t o n a  h a m i l t o n i a n a  W a l l .  
A c a c i a  c a t e c h u  W i l l d .  
A c a c i a  l e u c o p h l o e a  W i l l d .  
D i o s p y r o s  b u r m a n i c a  K u r z .  
T e r m i n a l i a  o l i v e r i  B r a n d i s
APPENDIX I (cont'd)
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List of species commonly found in the various 
____________forest types of Burma________________
Burmese Name Botanical Name
B amb oos
Myinw a
Tree Species
Laukya 
Maib au 
Thit ch a 
Thi te 
Tinshu 
Tinshu
Tree species
Baingdaung
Byu
Hni t
Kan az o
K ay a
Ky an a
Mad ama
Tree Species
K ab we 
Kathit 
My aty a 
P onnye t 
S we daw 
Th ab ye 
Thinwin-pyu
Tree Species
Pyinma 
T awth aye t 
Thitni
Dendrocalamus strictus Nees. 
Hill Forests
Schima wallichii Choisy 
Alnus nepalensis Don. 
Castanopsis spp.
Quercus spp.
Pinus merkusii Jungh.
Pinus kesiya Royle ex Gordon
Tidal F ore s t
Ceriops roxburghiana Arn. 
Rhizophora mucronata Lam. 
Brugucera parviflora W. and A 
Heritiera fomes Buch.
Acanthus ilicifolius Linn. 
Xylocarpus moluccensis Lam. 
Bruguiere caryophy11oides Blume.
Beach and Dunes Forests
Casuarina equisetifo1ia Forst. 
Erythrina indica Lam.
Grewia microcos Linn. 
Calophyllum inophyllum Linn. 
Thespesia populnea Corr. 
Eugenia spp.
Pongarnia pinnata Linn.
Swamp Forest
Lagerstroemia speciosa (Linn.) Pers. 
Mangifera caloneura Kurz.
Amoora cucullata Roxb.
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APPENDIX I I
L i s t  o f  f o r e s t  d i v i s i o n s  i n c l u d e d  i n  t h e  p r o p o s e d  p r o v e n a n c e s .
i n  Bur ma
N o r t h e r n  P r o v e n a n c e
1.  M y i t t h a  f o r e s t  d i v i s i o n
2.  U p p e r  C h i n d w i n  f o r e s t  d i v i s i o n
3.  We s t  K a t h a  f o r e s t  d i v i s i o n
4.  M y i t k y i n a  f o r e s t  d i v i s i o n
S o u t h e r n  P r o v e n a n c e
1.  N o r t h  T o u n g o o  f o r e s t  d i v i s i o n
2 .  S o u t h  T o u n g o o  f o r e s t  d i v i s i o n
3.  N o r t h  P e g u  f o r e s t  d i v i s i o n
4 .  S o u t h  P e g u  f o r e s t  d i v i s i o n
5 .  P a a n  f o r e s t  d i v i s i o n
6 .  I n s e i n  f o r e s t  d i v i s i o n
7.  T h a r a w a d d y  f o r e s t  d i v i s i o n
8.  Z i g o n  f o r e s t  d i v i s i o n
9 .  H e n z a d a / B a s s e i n  f o r e s t  d i v i s i o n
E a s t e r n  P r o v e n a n c e
1.  N o r t h e r n  S h a n  S t a t e  f o r e s t  d i v i s i o n
2 .  S o u t h e r n  S h a n  S t a t e  f o r e s t  d i v i s i o n
3.  Kayah  f o r e s t  d i v i s i o n
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APPENDIX II  ( c o n t . )
L i s t  o f  F o r e s t  D i v i s i o n s  i n c l u d e d  i n  t h e  p r o p o s e d  p r o v e n a n c e s
i n  Burma
C e n t r a l  P r o v e n a n c e
1.  Shwe bo  f o r e s t  d i v i s i o n
2 .  E a s t  K a t h a  f o r e s t  d i v i s i o n
3.  M on gm i t  f o r e s t  d i v i s i o n
4 .  M a n d a l a y / M a y m y o  f o r e s t  d i v i s i o n
5 .  M e i k t i l a  f o r e s t  d i v i s i o n
6 .  Y a m e t h i n  f o r e s t  d i v i s i o n
7.  P y i n m a n a  f o r e s t  d i v i s i o n
8.  P r ome  f o r e s t  d i v i s i o n
9 .  T h a y e t m y o  f o r e s t  d i v i s i o n
10 .  A l l a n m y o  f o r e s t  d i v i s i o n
1 1 .  M i n bu  f o r e s t  d i v i s i o n
12 .  Yaw f o r e s t  d i v i s i o n
13.  L o w e r  C h i n d w i n  f o r e s t  d i v i s i o n
T e n a s s e r i m  P r o v e n a n c e
1. T h a t  o n / A t  a r a n / K a d o e  a n d  a g e n c y  d i v i s i o n
APPENDIX I I I
C o m p o s i t i o n  o f  m o d i f i e d  H o a g l a n d  S o l u t i o n
C a ( N 0 3 ) 2 . 4 H 20
(NH4 ) h 2P 0 4
KN°3
MgS04 . 7 H 20
H3 B03 
MnCl 2 . 4 H 20
Z n S 0 4 . 7H20
CuSO . . 5Ho 0 4 2
H2 Mo0 4 . 4 H 2 0
Co ( N 0 3 > 2 . 6 H 2 0
F e S 0 4 . 7H2 0
EDTA
NaOH
9 5 g / 1 0 0 L  
6 g /  100 L 
6 l g / 1 0 0 L  
49 g /  100 L 
0 . 0 6 g / 1 0 0 L  
0 . 0 4 g / 1 0 0 L  
0 . 0 0 9 g / 1 0 0 L  
0 . 0 0 5 g /  100L 
0 . 0 0 2 g / 1 0 0 L  
0 . 0 0 2 5 g /  100L 
2 . 4 9  g /  100 L 
3 . 3 2 g / 1 0 0 L  
0 . 5 0  g /  100 L
S o u r c e :  P h y t o t r o n  u s e r s  g u i d e  ( A n o n y m o u s ,  1 9 7 0 b ) .
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APPENDIX IV
Analyses of variance for photoperiod experiment
Source of variation df. Sum of squares
Me an 
s qu ares F
Re 1ative growth rate (1)
Temperature 1 0.000159 0.000159 0.32
Photoperiod 2 0.000810 0.000406 0 . 81
Grade 4 0.004345 0.001086 2 . 17
Phot. x Temp. 2 0.000468 0.000234 0.47
Grade x Temp. 4 0.002922 0.000731 1.46.
Grade x Photo. 8 0.015292 0.001912 3 . 82
Error 8 0.004002 0.000500
Re 1 ative Growth rate (2)
T empe rature 1 0.000941 0.000941 1 . 88
Phot ope riod 2 0.000523 0.000262 0.52
Grade 4 0.000487 0.000122 0.24
Photo x Temp 2 0.002007 0.001004 2 .00
Grade x Temp. 4 0.002304 0.000576 1. 15
Grade x Photo, 8 0.006415 0.000802 1.60
E rro r 8 0.0040 16 0.000502
Net assimilation rate(l)
Temperature 1 0.094304 0.094304 7.31
Photoperiod 2 0.03279 8 0.016399 1.27
Grade 4 0.078843 0.019711 1.53
Photo x Temp. 2 0.006215 0.003108 0.24
Grade x Temp. 4 0.093504 0.023376 1. 81
Grade x Photo. 8 0.296015 0.037002 2 . 87
E rror 8 0. 103165 0.0 12 896
Net assimilation rate (2)
Temperature 1 0.005495 0.005495 0.65
Phot operiod 2 0. 105337 0.052669 6 . 19
Grade 4 0.019834 0.004959 0.58
Photo x Temp. 2 0.062 13 1 0.031066 3.65
Grade x Temp. 4 0.035641 0.0089 10 1.05
Grade x Photo. 8 0 . 126099 0.015762 1 . 85
E rror 8 0.068091 0.008511
Leaf area ratio(l)
T empe rature 1 10087.0553 10087.0553 86.83*
Photoperiod 2 18623.2886 9311.6443 80.16*
Grade 4 67.5880 16.8970 0 . 15
Photo x Temp. 2 520.5610 260.2 805 2.24
Grade x Temp. 4 418.9016 104.7254 0.90
Grade x Photo. 8 12 15.2453 151.9057 1.31
E rro r 8 929.3642 116.1705
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APPENDIX IV cont'd...
Analyses of variance for photoperiod experiment
Source of variation df. Sum of Meansquares squares
Leaf area ratio (2)
* *Tempe rature 1 9440.3623 9440.3623 27.98**
Photoperiod 2 1752 1 .0 19 1 8760 .5096 25 .96
Grade 4 227.1087 56 .7772 0 .17
Photo, x temp. 2 1966.7003 9 83.3502 2 .9 1
Grade x Temp. 4 423.3801 105.8450 0.31
Grade x Photo. 8 1034.0498 129.2562 0 .38
Error 8 2699.6916 337.4615
Diameter increment
Temperature 1 0 .0000 18 0 .0000 18 4.50
Photoperiod 2 0 .00002 1 0.0000 1 1 2 . 75
Grade 4 0.000048 0.000012 3.00
Photo x temp. 2 0.000003 0.000002 0.50
Grade x temp. 4 0 .000033- 0.000008 2.00
Grade x photo. 8 0.000060 0.000008 2 .00
Error 8 0.000033 0 .000004
Relative diameter grow th
Temperature 1 0 .000002 0 .000002 0.0 8
Photoperiod 2 0 .000 168 0 .0000 84 3.11
Grade 4 0 .000138 0 .000035 1 . 30
Photo x temp. 2 0 .000026 0 .000013 0 . 49
Grade x temp. 4 0.000 159 0 .000040 1.48
Grade x photo. 8 0.000129 0 .000016 0 .59
Error 8 0.000214 0 .000027
Heigh t increment
Temperature i 0 . 3645 0 .3645
* *
25.49**
Phot operiod JL9 0.4243 0.2122 14.84Grade z.A 0.1013 0.0253 1 .77
Photo x temp. 49 0 .0703 0 .0352 2.46Grade x temp. A 0 .0779 0 .0 195 1.36
Grade x photo. 48
8
0.1415 0.0177 1.24
Error 0.1147 0 .0 143
Re 1 ative height growth
Temperature 1 0 .000009 0 .000009 0 .38
Photoperiod 2 0 .000030 0.0000 15 0.63
Grade 4 0 .0005 78 0.000145 6.0 4
Photo x temp. 2 0.000056 0.000028 1 . 17
Grade x temp. 4 0.000123 0.000031 1.29
Grade x photo. 8 0.000413 0.000052 2 .16
Error 8 0 .000 188 0.000024
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APPENDIX IV cont’d...
Analyses of variance for photoperiod experiment
Source of variation df. Sum of s quares
Me an 
s quares F
Log shoot e wt/log^root wt
Temp e rature 1 0.000340 0.000340 0.21
Photoperiod 2 0 .00 8090 0.004045 2 .56
Grade 4 0.012812 0 .003203 2'. 0 2
Photo x Temp. 2 0.003591 0.00 1796 1 . 13
Grade x Temp. 4 0.0 1260 1 0 .003150 1 .99
Grade x Photo. 8 0.00 8499 0.00 1062 0.67
Error 8 0 .0 12667 0.001583
Log root e wt/logetotal wt
Temp e rature 1 0 .000 137 0.000137 0.36
Phot ope ri od 2 0.002242 0.001121 2 .94
Grade 4 0 .003232 0.000808 2 . 12
Photo x Temp. 2 0.001040 0.000520 1.36
Grade x Temp. 4 0 .00332 1 0.000 830 2 . 18
Grade x Photo. 8 0 .002 138 0.000267 0.70
Error 8 0.00 305 1 0.000381
Log stem e wt/ log total wt e
Temperature 1 0.005 109 0 .005 109
* *20 .60
Photope riod 2 0 .0096 81 0.004841 19.52
Grade 4 0.000 129 0.000032 0 . 13
Photo x Temp. 2 0 .000 187 0.000094 0 .38
Grade x Temp. 4 0 .0006 14 0 .000 154 0.62
Grade x Photo. 8 0.00256 1 0.000320 1 .29
E rror 8 0 .00 1982 0.000248
Log leaf 
be
wt/logetotal wt
Temperature 1 0.000 140 0 .000 140 2 . 86
Pho tope riod 2 0.000165 0.000083 1.69
Grade 4 0.000296 0.000074 1.5 1
Photo x Temp. 2 0 .000070 0.000035 0.71
Grade x Temp. 4 0.000151 0.000038 0 .78
Grade x Photo. 8 0.000 174 0 .000022 0.45
Error 8 0.000394 0.000049
APPENDIX V
A n a l y s i s  o f  v a r i a n c e  on g e r m i n a t i o n  o f  t e a k  s e e d  
f r o m  f i v e  d i f f e r e n t  p r o v e n a n c e s
S o u r c e  o f  v a r i a t i o n  d f . Sum o f  s q u a r e s
Me an 
s q u a r e  s F
Pe ak v a l u e
P r o v e n  an ce 4 1 6 7 . 3 1 6 6 4 1 . 8 2 9 2
* *
1 1 4 . 5 1
E r r o  r 95 3 4 . 7 0 5 6 0 . 3 6 5 3
Mean d a i l y ge r m i n  a t i o n
P r o v e n  an ce 4 1 . 3 3 7 5 0 . 3 3 4 4
* *
4 . 00
E r r o r 95 7 . 9 4 2 6 0 . 0  836
G e r m i n a t i o n  v a l u e
P r o v e n a n c e 4 4 7 3 . 4 1 7 6 1 1 8 . 3 5 4 4
* *
8 4 . 0  8
E r r o r 95 1 3 3 . 7 1 8 1 1 . 4 0  76
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APPENDIX VI
D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n  an ce Temp . CM o o n 3 3 ° C 36 ° C N i g h t  
t e mp  . 
me an
P r o v e n  an ce 
me an
( i )  D i a m e t e r i n  c r e m e n t ( c m / d a y )
Burm a (N)
3 1 ° C 
22 °C 
Me an
0 . 0 1 1 4  
0 . 0 0 8 8  
0 . 0  10 1
0 . 0  136 
0 . 0 0 9 1  
0 . 0 1 1 4
0 . 0 1 7 6  
0 . 0 1 4 0  
0 . 0 1 5 8
0 . 0 1 4 2
0 . 0 1 0 6
0 . 0 1 2 4
Bu r ma (S)
3 1 0 C 
2 2 ° C 
Me an
0 . 0 1 0 4  
0 . 0 0 7 3  
0 . 0 0  89
0 . 0 1 3 1  
0 . 0  122 
0 . 0 127
0 . 0 1 4 2  
0 . 0 1 2 0  
0 . 0 1 3 1
0 . 0 1 2 6
0 . 0 1 0 5
0 . 0 1 1 6
I n  d i  a
3 1 ° C 
2 2 ° C 
Me an
0 . 00  80 
0 . 0 0 5 5  
0 . 0 0 6 8
0 . 0 1 0 2
0 . 0 0 6 6
0 . 0 0 8 4
0 . 0 1 4 2  
0 . 0 0 9 0  
0 . 0 1 1 6
0 . 0 1 0 8
0 . 0 0 7 0
0 . 0 0  89
J a v a
3 1 ° C 
2 2 ° C 
Me an
0 . 0  100 
0 . 0 0 5 3  
0 . 0 0 7 7
0 . 0 1 4 9  
0 . 0 0 9  8 
0 . 0 1 2 4
0 . 0 1 7 8  
0 . 0  126 
0 . 0  152
0 . 0 1 4 2  
0 . 0 0 9 2
0 . 0 1 1 7
L aos
3 1 0 C 
2 2 ° C 
Me an
0 . 0 1 1 1  
0 . 0 0 7 5  
0 . 0 0 9 3
0 . 0 1 3 4
0 . 0 0 8 1
0 . 0 1 0 8
0 . 0 1 8 4  
0 . 0 1 1 9  
0 . 0 1 5 2
0 . 0 1 4 3  
0 . 0 0 9 2
0 . 0 1 1 8
Day 
Temp . 
Me an
31 0 C 
2 2 ° C 
Me an
0 . 0 1 0 2  
0 . 0 0 6 9  
0 . 0 0 8 6
0 . 0 1 3 0
0 . 0 0 9 2
0 . 0 1 1 1
0 . 0 1 6 4  
0 . 0 1 1 9  
0 . 0 1 4 2
N i g h t  
Temp . 
Me an
3 1 ° C 
22°
0 . 0  132 
0 . 0 0 9 3
( i i ) Re 1 a t i v e d i a m e t e r  i n c r e m e n t  ( c m / c m / d a y )
Bur ma (N)
3 1 ° C 
22 °C 
Me an
0 . 0 2  85 
0 . 0 2 5 8  
0 . 0 2 7 2
0 . 0 3 2 9  
0 . 0 2  89 
0 . 0 3 0 9
0 . 0 3 4 9  
0 . 0 4 7 5  
0 . 0 4 1 2
0 . 0 3 2  1 
0 . 0 3 4 1
0 . 0 3 3 1
Bur ma (S)
3 1 ° C 
2 2 ° C 
Me an
0 . 0 3 2 8  
0 . 0 2 3 1  
0 . 0 2  80
0 . 0 3 3 6  
0 . 0 3 9 0  
0 . 0 3 6 3
0 . 0 3 6 4  
0 . 0 4 0 5  
0 . 0 3 8 5
0 . 0 3 4 3
0 . 0 3 4 2
0 . 0 3 4 3
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D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n a n c e  Temp.  30° C 33°C 36°C N i g h t  P r o v e n a n c e
t e m p .  me an 
me an
I n  d i  a
3 1 0 C 
2 2 ° C 
Me an
0 . 0 2 4 8
0 . 0 1 6 5
0 . 0 2 0 7
0 . 0 2 6 1
0 . 0 2 1 3
0 . 0 2 3 7
0 . 0 3 4 5  
0 . 0 3 5  8 
0 . 0 3 5 2
0 . 0 2  85 
0 . 0 2  45
0 . 0 2 6 5
J  a v a
3 1 ° C 
2 2 ° C 
Me an
0 . 0 2  88 
0 . 0 1 9 6  
0 . 0 2 4 2
0 . 0 3 8 4  
0 . 0 2 9  1 
0 . 0 3 3 8
0 . 0 4 2 4  
0 . 0 4 1 9  
0 . 0 4 2 2
0 . 0 3 6 5
0 . 0 3 0 2
0 . 0 3 3 4
L aos
3 1 ° C 
2 2 ° C 
Me an
0 . 0 3 3 9  
0 . 0 3 1 4  
0 . 0 3 2 7
0 . 0 3 2 5  
0 . 0 2 2 2  
0 . 0 2 7 4
0 . 0 3 9 4  
0 . 0 3 6 6  
0 . 0 3 8 0
0 . 0 3 5 3
0 . 0 3 0 1
0 . 0 3 2 7
Day 
Temp.  
Me an
3 1 0 C 
2 2 ° C 
Me an
0 . 0 2 9 8  
0 . 0 2 3 3  
0 . 0 2 6 6
0 . 0 3 2 7  
0 . 0 2 8 1  
0 . 0 3 0 4
0 . 0 3 7 5  
0 . 0 4 0 5  
0 . 0 3 9 0
N i g h t  
Temp . 
Me an
31 ° C 
22 ° C
0 . 0 3 3 3  
0 . 0 3 0 6
( i i i )  H e i g h t  i n c r e m e n t  ( c m / d a y )
Bur ma (N)
3 1 ° C 
22 °C 
Me an
0 . 4 5 4 2  
0 . 2 0 5 0  
0 . 3 2 9 6
0 . 3 3 3 3  
0 . 1 3 9  7 
0 . 2 3 6 5
0 . 5 7 1 0  
0 .  1700 
0 . 3 7 0 5
0 . 4 5 2  8 
0 . 1 7 1 6
0 . 3 1 2 2
Bur ma (S)
3 1 ° C 
2 2 ° C 
Me an
0 . 2 9 5 6  
0 .  1025 
0 . 199 1
0 . 3 2 6 7  
0 . 1 2 4 4  
0 . 2 2 5 6
0 . 4 5 0 0  
0 . 1240 
0 . 2 8 7 0
0 . 3 5 7 4
0 . 1 1 7 0
0 . 2 3 7 2
I n d i a
3 1 ° C 
22 °C 
Me an
0 . 2 6 9 2  
0 . 1 4 2 5  
0 . 2 0 5 9
0 . 3 5 3 3  
0 . 1625 
0 . 2  5 79
0 . 4 1 6 0  
0 . 1 0 6 7  
0 . 2 6 1 4
0 . 3 4 6 2  
0 . 1372
0 . 2 4 1 7
J a v a
3 1 °C 
2 2 ° C 
Me an
0 . 3 6 0 0  
0 . 0 9 2 5  
0 . 2 2 6 3
0 . 4 1 3 3  
0 . 14 89 
0 . 2 8 1 1
0 . 3 8 0 0  
0 . 0 9  80 
0 . 2 3 9 0
0 . 3 8 4 4  
0 . 1 1 3 1
0 . 2 4 8 8
L aos
3 1 ° C 
2 2 ° C 
Me an
0 . 3 0 0 0  
0 . 0 5 0 0  
0 . 1 7 5 0
0 . 3 2 1 9  
0 . 1337 
0 . 2 2 7 8
0 . 6 0 2 2  
0 . 0 9 6 3  
0 . 3 4 9 3
0 . 4 0  80 
0 . 0 9 3 3
0 . 2 5 0 7
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D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n  an ce Temp . 30°  c 33 °C 36 ° C N i g h t  
Temp . 
me an
P r o v e n  an ce 
me an
Day 
Temp . 
Me an
31 ° C 
2 2 ° C 
Me an
0 . 3 3 5 8  
0 . 1 1 8 5  
0 . 2 2  72
0 . 3  49 7 
0 . 1 4 1 8  
0 . 2 4 5 8
0 . 4 8 3 8  
0 . 1 1 9 0  
0 . 3 0 1 4
N i g h t  
t e mp  . 
Me an
3 1 ° C 
2 2 °C
• 0 . 3 8 9  8 
0 . 1 2 6 4
( i v ) R e l a t i v e h e i g h t g r o w t h  ( c m / c m / d a y )
Bur ma (N)
3 1 ° C 
2 2 ° C 
Me an
0 . 0 1 6 1  
0 . 0 3 6 6  
0 . 0 4 9 1
0 . 0 5 1 1  
0 . 0 2 9 8  
0 . 0 4 0 5
0 . 0 5 6 3
0 . 0 4 4 9
0 . 0 5 0 6
0 . 0 5 6 3  
0 . 0 3 7 1
0 . 0 4 6 7
Bur ma (S)
3 1 ° C 
2 2 ° C 
Me an
0 . 0 5 7 9  
0 . 0 2 7 2  
0 . 0 4 2 6
0 . 0 5 1 2  
0 . 0 3 7 4  
0 . 0 4 4 3
0 . 0 5 8 4
0 . 0 3 8 3
0 . 0 4 8 4
0 . 0 0 5  8 
0 . 0 3 4 3
0 . 0 4 5  1
I n d i a
3 1 ° C 
2 2 ° C 
Me an
0 . 0 4 3 4  
0 . 0 2 9 3  
0 . 0 3 6 4
0 . 0 4 7 6  
0 . 0 3 4 5  
0 . 0 4 1 1
0 . 0 4 4 7  
0 . 0 3 5  1 
0 . 0 3 9 9
0 . 0 4 5 2  
0 . 0 3 3 0
0 . 0 3 9 1
J a v a
3 1 ° C 
2 2 ° C 
Me an
0 . 0 6 5 2  
0 . 0 3 0 5  
0 . 0 4 7 9
0 . 0 6 5 8  
0 . 0 4 3 7  
0 . 0 5 4 8
0 . 0 6 3 2  
0 . 0 3 3 3  
0 . 0 4 8 3
0 . 0 6 4 7  
0 . 0 3 5  8
0 . 0 5 0 3
L aos
3 1 ° C 
2 2 ° C 
Me an
0 . 0 5 9 6  
0 . 0 1 9 3  
0 . 0 3 9 5
0 . 0 4 4 3  
0 . 0 2 6 0  
0 . 0 3 5 2
0 . 0 6 6 9  
0 . 0 2 5 8  
0 . 0 4 6 4
0 . 0 5 6 9
0 . 0 2 3 7
0 . 0 4 0 3
Day 
T e m p . 
Me an
3 1 ° C 
2 2 ° C 
Me an
0 . 0 5 7 5  
0 . 0 2  86 
0 . 0 4 3 1
0 . 0 5 2 0  
0 . 0 3 4 3  
0 . 0 4 3 2
0 . 0 5 7 9  
0 . 0 3 5 5  
0 . 0 4 6 7
Ni  gh t  
t e m p . 
Me an
3 1 0 C 
2 2 ° C
0 . 0 5 5 8  
0 . 0 3 2  8
(v) Re 1 a t  i v e g r o w t h r a t e  ( g / g / d a y )
Bur ma (N)
3 1 ° C 
2 2 ° C 
Me an
0 . 115 8 
0 . 0 9  82 
0 . 1070
0 . 0 9 4 5  
0 . 0 8 6 0  
0 . 0 9 0 3
0 . 1 3 2 1  
0 .  1095 
0 .  1208
0 . 1 1 4 1  
0 . 0 9  79
0 . 1060
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D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n  an ce Temp . 30°  C 3 3 ° C 3 6 ° C N i g h t  
t e mp  . 
mean
P r o v e n  an ce 
me an
Bur ma (S)
3 1 0 C 
22 °C 
Me an
0 . 1 0 4 3  
0 . 0 9 2 8  
0 . 0 9  86
0 . 1378 
0 . 0 8 8 1  
0 . 1 1 3 0
0 . 1 2 0 6  
0 . 0 7 6 9  
0 . 0 9 8 8
0 . 1 2 0 9  
0 . 0 8 5 9
0 . 1 0 3 4
I n d i a
3 1° C 
2 2 0 C 
Me an
0 . 0 9 7 7  
0 . 0 9 2 3  
0 . 0 9 5 0
0 . 0 9 3 4  
0 . 0 7 3 4  
0 . 0 8 3 4
0 . 1 0 3 8  
0 . 0  863 
0 . 0 9 5  1
0 . 0 9  83 
0 . 0 8 4 0
0 . 0 9 1 2
J a v a
3 1 ° C 
2 2 ° C 
Me an
0 . 1 2 6 4  
0 . 0 8 4 0  
0 .  1052
0 . 1 3 1 7  
0 . 1164 
0 . 1 2 4 1
0 . 1198  
0 . 0 9 0 7  
0 . 1 0 5 3
0 . 1 2 6 0  
0 . 0 9 7 0
0 . 1 1 1 5
La os
3 1 ° C 
2 2 ° C 
Me an
0 .  1356 
0 . 0 2 4 9  
0 . 0 8 0  3
0 . 1 1 7 3  
0 . 0 7 7 4  
0 . 0 9 7 4
0 . 1216 
0 .  1222 
0 . 12 19
0 . 1 2 4 8
0 . 0 7 4 8
0 . 0 9 9  8
D ay 
Temp . 
Me an
3 1 ° C 
22 °C 
Me an
0 . 1160 
0 . 0 7 8 4  
0 . 0 9 7 2
0 .  1149 
0 . 0 8 8 3  
0 . 1 0  16
0 . 1196 
0 . 0 9 7 1  
0 . 1 0 8 4
N i  g h t  
Temp . 
Me an
3 1° C 
2 2 ° C
0 . 1168  
0 . 0 8 7 9
( v i )  N e t  a s s i m i l a t i o n  r a t e ( mg / c m2 / d a y )
Bur ma (N)
3 1 ° C 
2 2 ° C 
Me an
0 . 4 1 8 5  
0 . 4 5 2 5  
0 . 4 3 5 5
0 . 3 6  89 
0 . 4 1 9 6  
0 . 3 9 4 3
0 . 6 4 6 8  
0 . 7 2  17 
0 . 6 8 4 3
0 . 4 7 8 1  
0 . 5 3 1 3
0 . 5 0 4 7
Bur ma (S)
3 1 ° C 
22 °C 
Me an
0 . 3885 
0 . 4 9 1 7  
0 . 4 4 0 1
0 . 5 4 1 2  
0 . 46 82 
0 . 5 0 4 7
0 . 5 4 8 6  
0 . 4 8 2  1 
0 . 5 1 5 9
0 . 4 9 2  8 
0 . 4 8 1 0
0 . 4 8 6 9
I n d i a
3 1 0 C 
2 2 ° C 
Me an
0 . 4 0 3 2  
0 . 5 0 9 0  
0 . 4 5 6 1
0 . 4 3 1 4  
0 . 4 5 6 7  
0 . 4 4 4 1
0 . 5  89 3 
0 . 6 5 4 5  
0 . 6 2 1 9
0 . 4 7 4 6  
0 . 5 4 0 1
0 . 5 0 7 4
J  av a
3 1 ° C 
2 2 ° C 
Mean
0 . 4 6 4 8  
0 . 4 1 6 9  
0 . 4 4 0 9
0 . 5  174 
0 . 6 1 2 2  
0 . 5 6 4 8
0 . 5 2 0 7  
0 . 5 6 5 2  
0 . 5 4 3 0
0 . 5 0 1 0
0 . 5 3 1 4
0 . 5 1 6 2
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D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n  an ce Temp . 3 0 ° C 3 3° C 3 6 ° C N i g h t P r o v e n  an ce
t e mp  . me an
me an
3 1 ° C 0 . 4 4 4 8 0 . 4 4 6 3 0 . 5 5 8 7 0 . 4 8 3 3
L a o s 2 2 ° C 0 . 1330 0 . 3 8 5 5 0 . 7 6 8 8 0 . 4 2 9 1
Me an 0 . 2 889 0 . 4 1 5 9 0 . 6 6 3 8 0 . 4 5 6 2
Day 3 1 ° C 0 . 4 2 4 0 0 . 4 6 1 0 0 . 5 7 2 8
Temp. 2 2 ° C 0 . 4 0 0 6 0 . 4 6 8 4 0 . 6 3 8 7
Me an Me an 0 . 4 1 2 3 0 . 4 6 4 7 0 . 6 0 5 8
N i g h t 3 1 ° C 0 . 4 8 6 0
T e mp . 
Me an 2 2 ° C 0 . 5 0 2 6
( v i i ) L e a f  a r e a r a t i o  (1)
2
(cm / gm)
3 1° C 2 5 4 . 1 0 2 5 7 . 4 5 1 8 6 . 7 3 2 3 2 . 7 6
Bur ma (N) 2 2 °C 2 0 1 . 1 1 1 9 0 . 9  1 1 5 5 . 9 6 1 8 2 . 6 6
Me an 2 2 7 . 6 1 2 2 4 . 1 8 1 7 1 . 3 5 2 0 7 . 7 1
3 1 ° C 2 3 3 . 5 3 2 3 0 . 0 3 2 1 8 . 3 3 2 2 7 . 3 0
Bur ma (S) 2 2 ° C 169 .2 8 1 7 7 . 2 2 155 . 56 1 6 7 . 3 5
Me an 2 0 1 . 4 1 2 0 3 . 6 3 1 8 6 . 9 5 1 9 7 . 3 3
3 1 ° C 225 . 2 1 202 . 06 1 5 9 . 7 2 1 9 5 . 6 6
I n d i a 2 2 ° C 19 7 . 3 5 152 . 3 8 1 2 0 . 0 1 1 5 6 . 5 8
Me an 2 1 1 . 2 8 1 7 7 . 2 2 1 3 9 . 8 7 176 .  12
3 1 °C 249 . 66 2 6 0 . 4 8 2 3 0 . 8 0 2 4 6 . 9 8
J  a v a 2 2 ° C 19 7 . 5 8 1 5 6 . 4 4 1 4 6 . 0 0 1 6 6 . 6 7
Me an 2 2 3 . 6 2 2 0 8 . 4 6 1 8 8 . 4 0 2 0 6 . 8 3
3 1 ° C 2 7 7 . 2 3 2 4 1 . 9 5 1 9 4 . 9 5 2 8 3 . 0 4
L aos 2 2 ° C 2 1 2 . 6 0 1 9 7 . 6 6 1 5 0 . 3 1 1 8 6 . 8 6
Me an 2 4 4 . 9 2 2 1 9 . 8 1 1 7 2 . 6 3 2 1 2 . 4 5
Day 3 1 ° C 2 4 7 . 9 5 2 3 8 . 3 9 198 .  11
Temp . 2 2 °  C 1 9 5 . 5 8 1 7 4 . 9 2 1 4 5 . 5 7
Me an Me an 2 2 1 . 7 7 2 0 6 . 6 6 1 7 1 . 8 4
N i g h t 3 1° C 22 8 . 15
Temp . 
Me an 2 2 0 C 1 7 2 . 0 2
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D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o  v e n  an ce Temp . 30 ° C 3 3 ° C 3 6 ° C N i g h t  
t e m p ,  
me an
P r o v e n  an ce 
me an
( v i i i ) L e a f  a r e a r a t i o  ( 2 )
2
(cm /gm)
Bur ma (N)
3 1 °C 
2 2 ° C 
Me an
2 9 1 . 2 5  
2 3 8 . 0 4  
2 6 4 . 6 5
2 5 5 .  18 
2 1 8 . 6 7  
2 3 6 . 9 3
2 19 . 76 
1 4 9 . 2 0  
1 8 4 . 4 8
2 5 5 . 4 0  
2 0 1 . 9 7
2 2 8 . 6 8
Bu r ma (S)
3 1 °C 
22 °C 
Me an
2 9 5 . 5 2  
1 9 8 . 3 8  
2 4 6 . 9 5
2 6 9 . 4 4  
1 9 4 . 8 4  
2 3 2 . 1 4
222 . 26  
1 6 1 . 7 1  
1 9 1 . 9 9
262 . 41  
1 8 4 . 9 8
2 2 3 . 6 9
I n d i a
3 10 C 
2 2 ° C 
Me an
2 5 4 . 8 7
1 7 4 . 2 4
2 1 4 . 5 6
2 2 7 . 6 9  
175 . 2 8  
2 0 1 . 4 9
1 8 3 . 7 8  
1 4 5 . 8 5  
1 6 4 . 8 2
222 . 11 
1 6 5 .  12
1 9 3 . 6 2
J a v a
3 1 ° C 
2 2 ° C 
Me an
2 86 . 2 7 
2 0 3 . 5 0  
244  . 89
2 5 1 . 9 0
2 1 4 . 5 9
2 3 3 . 2 5
2 3 0 . 0 3  
1 7 2 . 4 2  
2 0 1 . 2 3
2 5 6 . 0 7  
1 9 6 . 8 4
2 2 6 . 4 5
La os
31°  C 
22°  C 
Me an
3 2 0 . 4 7  
1 6 6 . 6 7  
2 4 3 . 5 7
2 8 0 . 5  1 
2 0 8 . 9 3  
2 4 4 . 7 2
2 3 3 . 1 8  
1 6 9 . 2 8  
2 0 1 . 2 3
2 7 8 . 0 5
1 8 1 . 6 3
2 2 9 . 8 4
Day 
Temp . 
Me an
3 1 ° C 
2 2 ° C 
Me an
2 8 9 . 6 8  
196 . 17 
242 . 92
2 5 6 . 9 4  
2 0 2 . 4 6  
2 2 9 . 7 0
2 1 7 .  80 
1 5 9 . 6 9  
1 8 8 .  75
N i g h t  
Temp . 
Me an
3 1 °C 
2 2 0 C
2 5 4 . 8 1  
18 6 .  11
Cix) L o g e s h o o t w t / l o g e r o o t  wt
Burm a (N)
3 1 ° C 
2 2 ° C 
Me an
1 . 0 5  75 
1 . 0 5 6 9  
1 . 0 5 7 2
0 . 9 6 7 2  
0 . 9 8 7 3  
0 . 9 7 7 3
0 .  9600  
1 . 2 9 2 3
1.  1262
0 . 9 9 4 9  
1 . 1 1 2 2
1 . 0 5 3 6
Bur ma (S)
3 1 0 C 
2 2 ° C 
Me an
0 . 9 0 6 9  
1 . 1244  
1 . 0 1 5 7
0 . 8 4 0 1  
0 . 9 4 2 8  
0 . 89 15
0 . 9 3 9 2  
1 . 1 3 9 7  
1 . 0 3 9 5
0 . 89 5 4 
1 . 0 6 9 0
0 . 9 8 2 2
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D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n a n c e  Temp.  30°C 33°C 36°C N i g h t  P r o v e n a n c e  
t e m p . me an
me an
3 1 ° C 1 . 0 6 7 0 0 . 9 4 7 4 1 . 0 5 4 2 1 . 0 2 2 9
I n  d i  a 2 2 ° C 0 . 9 9 4 5 1 . 0 1 9 6 0 . 9 6 5  1 0 . 9 9 3 1
Me an 1 . 0 3 0  8 0 . 9  835 1 . 0 0 9 7 1 . 0 0 8 0
3 1 0 C 1 . 1552 0 . 8 8 4 8 0 . 9 2 8 8 0 . 9  89 6
J  av a 2 2 ° C 1 . 1414 1 . 2 1 8 7 1 . 2 3 8 4 1.  1995
Me an 1 . 1 4 8 3 1 . 0 5 1 8 1 . 0 8 3 6 1 . 0 9 4 6
3 1 0 C 1 . 2 7 8 9 0 . 9 1 3 4 1 . 0 2 1 1 1 . 0 7 1 1
L a o s 2 2 0 C 1 . 1 4 4 0 0 . 9 4 6 1 1 . 2 9  18 1 . 1 2 7 3
Me an 1 . 2 1 1 5 0 . 9 2 9 8 1.  1565 1 . 0 9 9 2
D ay 3 1 ° C 1 . 0 9 3 1 0 . 9 1 0 6 0 . 9 8 0 7
Temp. 2 2 ° C 1 . 0 9 2 2 1 . 0 2 2 9 1 . 1 8 5 5
Me an Me an 1 . 0 9 2 7 0 . 9 6 6 8 1 . 0 8 3 1
Ni  gh t 3 1 ° C 0 . 9 9 4 8
Temp . 
Me an 22 °C 1 . 1 0 0 2
(x)  l o g e r o o t  w t / l o g e t o t a l  wt
Bur ma (N)
3 1 ° C 
2 2 ° C 
Me an
0 . 9 4 2  8 
0 . 9 3 6 5  
0 . 9 3 9 7
1 . 0 0 9 8  
0 . 8 8 3 1  
0 . 9 4 6 5
1 . 0 2 2 2  
0 . 7 9 7 8  
0 . 9  100
0 . 9 9 1 6  
0 . 8 7 2 5
0 . 9 3 2  1
Bur ma (S)
3 1 ° C 
2 2 ° C 
Me an
0 . 8 1 8 7  
0 . 8 4 5  1 
0 . 8 3 1 9
1.  1934  
1 . 0 0 0 7  
1 . 0 9 7 1
1 . 0 4 6 3  
0 . 8 3 3 7  
0 . 9 4 0 0
1 . 0 1 9 5  
0 . 8 9 3 2
0 . 9 5 6 4
I n d i a
3 1 ° C 
2 2 ° C 
Me an
0 . 8 6 4 7  
0 . 9 7 3 0  
0 . 9 1 8 9
1 . 0 0 6 3  
0 . 9 2  19 
0 . 9 6 4 1
0 . 9 2 0 0  
0 . 9 8 0 3  
0 . 9 5 0 2
0 . 9 3 0 3
0 . 9 5 8 4
0 . 9 4 4 4
J a v a
3 1 ° C 
2 2 ° C 
Me an
0 . 8 2 0 9  
0 . 7 6 3 1  
0 . 7920
1 . 0 8 8 5  
0 . 8 1 3 8  
0 . 9 5 1 2
1 . 0 4 8 7  
0 .  8083 
0 . 9 2  85
0 . 9 8 6 0  
0 . 7 9 5  1
0 . 89 0 6
La os
3 1 0 C 
2 2 0 C 
Me an
0 . 7 9 7 7  
0 . 7 3 9 3  
0 . 7685
1 . 0 3 9 6
1 . 0 0 7 1
1 . 0 2 3 4
0 . 9 5 6 2  
0 . 7 8 2 4  
0 . 8 6 9 3
0 . 9 3 1 2  
0 . 8 4 2 9
0 . 8 8 7 1
APPENDI X V I  c o n t ' d . . .
D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n  an ce Temp . 30 ° C 3 3 0 C 3 6 ° C N i g h t  
Temp,  
me an
P r o v  en an ce 
me an
Day 
Temp . 
Me an
3 1 ° C 
22 °C 
Me an
0 . 8 4 9 0  
0 . 8 5 1 4  
0 . 8502
1 . 0 6 7 5  
0 . 9 2 5 3  
0 . 9 9 6 4
0 . 9 9 8 7  
0 . 8 4 0 5  
0 . 9 1 9 6
N i g h t  
Temp . 
Me an
3 1° C 
2 2 0 C
0 . 9 7 1 7  
0 . 8 7 2 4
( x i ) L o g e s tern w t / l o g ^ t o t a l  w t
B u r ma ( N )
3 1 ° C 
2 2 ° C 
Me an
0 . 9  806 
0 . 7 5 6 1  
0 . 8684
1 . 0 6 1 3  
0 . 8 0 7 1  
0 . 9 3 4 2
0 . 6 3 5  1 
0 . 7539  
0 . 6 9 4 5
0 . 89 2 3 
0 . 7 7 2 4
0 . 8 3 2 4
Bu r ma (S)
3 1 ° C 
2 2 ° C 
Me an
0 . 8 3 5 6  
0 . 6 3 1 7  
0 . 7 3 3 7
0 . 7 6 6 7  
0 . 6 9 5 9  
0 . 7 3 1 3
0 . 9  82 8 
0 . 6 3 9 6  
0 . 8 1 1 2
0 . 8 6 1 7
0 . 6 5 5 7
0 . 7 5 8 7
I n d i a
3 1° C 
2 2 ° C 
Me an
0 . 9  127 
0 . 8 5 3 0  
0 . 8 8 2 9
0 . 9 6 5 3  
0 . 822 1 
0 . 89 3 7
1 . 0 4 5  8 
0 . 7689 
0 . 9 0 7 4
0 . 9 7 4 6  
0 . 8 1 4 7
0 . 8947
J av a
3 1 ° C 
22 °C 
Me an
0 . 8 3 5 0  
0 . 4 7 5 3  
0 . 6 5 5 2
0 . 8 3 8 4  
0 . 7 2 9 0  
0 . 7 8 3 7
0 . 9 9  79 
0 . 6 3 7 5  
0 . 8 1 7 7
0 . 89 0 4 
0 . 6 1 3 9
0 . 7 5 2 2
L aos
31 ° C 
2 2 ° C 
Me an
0 . 7 6 3 6  
0 . 2 2 9 5  
0 . 4 9 6 6
0 . 7 7 0 7  
0 . 7 1 7 3  
0 . 7 4 4 0
0 . 9  894 
0 . 6 5 7 1  
0 . 8 2 3 3
0 . 8 4 1 2
0 . 5 3 4 6
0 . 6 8 7 9
Day 
T e m p . 
Me an-
3 10 C 
2 2 ° C 
Me an
0 . 8 6 5 5  
0 . 5 8 9 1  
0 . 7 2 7 3
0 . 8 8 0 5  
0 . 7 5 4 3  
0 . 8 1 7 4
0 . 9 3 0 2  
0 . 6 9 1 4  
0 . 8 1 0 8
N i g h t  
Temp . 
Me an
3 1 0 C 
2 2 ° C
0 . 8 9 2 0  
0 . 6 7 8 3
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D e t a i l e d  r e s u l t s  o f  t h e  p r o v e n a n c e  e x p e r i m e n t
P r o v e n a n c e  Temp.  30° C 33°C 36 ° C N i g h t  P r o v e n a n c e  
Temp.  mean
me an
( x i i )  l o g ^ l e a f  w t / l o g e t o t a l  wt
3 1 ° C 1 . 0  153 0 . 9 7 6 3 0 . 9 9 7 6 0 . 9 9 6 4
Bu r ma (N) 2 2 ° C 1 . 0 8 8 6 1 . 0 9 6 3 1.  1256 1.  1035
Me an 1 . 0 5 2 0 1 . 0 3 6 3 1 . 0 6 1 6 1 . 0 5 0 0
3 1 ° C 1 . 1296 1 . 0 4 1 7 0 . 9 9  88 1 . 0 5 6 7
Burm a (S) 2 2 ° C 1 . 1 1 7 3 1 . 0 9 0 1 1 . 1 4 4 1 1 . 1 1 7 2
Me an 1 . 1 2 3 5 1 . 0 6 5 9 1 . 0 7 1 5 1 . 0 8 7 0
3 1 ° C 1 . 0 4 6 8 1 . 1 7 4 8 0 . 9 9 8 6 1 . 0 7 3 4
I n d i a 2 2 ° C 1 . 0 5 5 7 1 . 0 7 9 8 1 . 0 7 5 5 1 . 0 7 0 3
Me an 1 . 0 5 1 3 1 . 1 2 7 3 1 . 0 3 7 1 1 . 0 7 1 9
3 1 ° C 1 . 0 7 0 9 1 . 0 2 2 8 0 . 9 9 3 8 1 . 0 2 9 2
J  av a 22 ° C 1.  1813 1.  1206 1 . 1399 1 . 1 4 7 3
Me an 1 . 1261 1 . 0 7 1 7 1 . 0 6 6 9 1 . 0 8 8 3
3 1 ° C 1 . 0 8 5 6 1 . 0 4 7 4 1 . 0 0 9 2 1 . 0 4 7 4
L a o s 2 2 ° C 1 . 5 0 6 8 1 . 0 6 5 8 1.  1363 1 . 2 3 6 3
Me an 1 . 2 9 6 2 1 . 0 5 6 6 1 . 0 7 2  8 1 . 1419
D ay 3 1 ° C 1 . 0 6 9 6 1 . 0 5 2 6 0 . 9 9 9 6
Temp. 2 2 ° C 1 . 1899 1 . 0 9 0 5 1 . 1 2 4 3
Me an Me an 1 . 1 2 9  8 1 . 0 7 1 6 1 . 0 6 2 0
N i g h t  
Te mp .
3 1 ° C 1 . 0 4 0 6
Me an 2 2 0 C 1.  1349
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APPENDIX VI I
A n a l y s e s  o f  v a r i a n c e  f o r  t h e  p r o v e n a n c e  e x p e r i m e n t
S o u r c e  o f  
v a r i a t i o n d f .
Sum o f  
s q u a r e  s
Me an 
s q u a r e s F
( i ) Di ame t e  r i n  c r e me  n t
P r o v e  n a n  ce 4 0 . 4 3 6 6 0 . 1092 1 9 . 9 0 6 *
Day t e m p e r a t u r e 2 1 . 5 9 7 4 0 . 7 9  87 145 . 6 4 4 * *
N i g h t  t e m p e r a t u r e 1 1 . 1 4 5 0 1 . 1 4 5 0 20 8 . 8 0  1**
N i g h t  x p r o v e n a n c e 4 0 . 0 9 3 0 0 . 0 2 3 3 4 . 2 4 1
Day x p r o v e n a n c e 8 0 . 1 7 7 5 0 . 0 2 2 2 4 . 0 4 5 *
Day x n i g h t 2 0 . 0 1 8 2 0 . 0 0 9  1 1 . 662
E r r o r 8 0 . 0 4 3 9 0 . 0 0 5 5
( Ü ) Re 1 a t i v e d i a m e t e r g r o w t h
P r o v e n  an ce 4 2 . 3 2  80 0 . 5  820 4 - 7 0 0 l *
Day t e m p e r a t u r e 2 8 . 1 5 0 0 4 . 0 7 5 0 3 2 . 9 1 1
k
N i g h t  t e m p e r a t u r e 1 0 . 5 4 5 9 0 . 5 4 5 9 4 . 4 0 9
N i g h t  x p r o v e n a n c e 4 0 . 7478 0 . 1 8 6 9 1 . 5 1 0
Day x p r o v e n a n c e 8 1 . 9  152 0 . 2 3 9 4 1 . 9 3 3
k
Day x n i g h t 2 1 . 2 5 0  8 0 . 6 2 5 4 5 . 0 5 1
E r r o r 8 0 . 9 9 0 6 0 . 1238
C i ü ) H e i g h t i n  c r e m e n t
P r o v e n a n  ce 4 2 . 2 6 5 2 0 . 5 6 6 3 2 . 9 5 4
Day t e m p e r a t u r e 2 2 . 9  865 1 . 4 9 3 3 7 . 7 9 0 : *
N i g h t  t e m p e r a t u r e 1 52 . 00 83 5 2 . 0 0 8 3 2 7 1 . 3 0 4
N i g h t  x p r o v e n a n c e 4 0 . 9 7 6 3 0 . 2 4 4 1 1 . 2 7 3
Day x p r o v e n a n c e 8 3 . 6 2 3 3 0 . 4 5 2 9 2 . 3 6 3 .  *
Day x n i g h t 2 3 . 8 7 6 5 1 . 9 3 8 2 10 . I l l
E r r o r 8 1 . 5 3 3 6 0 . 1 9 1 7
Ci v) Re 1 a t i v e h e i g h t g r o w t h
P r o v e n  an ce 4 5 . 1 1 0 9 1 . 2 7 7 7 5 . 7 9  8*
Day t e m p e r a t u r e 2 0 . 8 5 9  8 0 . 4299 1 . 9 5 1 * *
N i g h t  t e m p e r a t u r e 1 3 9 . 7 8 5 5 3 9 . 7 8 5 5 180 . 5 2 4 *
N i g h t  x p r o v e n a n c e 4 4 . 0  86 2 1 . 0 2  16 4 . 6 3 5
Day x p r o v e n a n c e 8 2 . 8106 0 . 3 5 1 3 1 . 5 9 4
D ay x n i g h t 2 1 . 6 0 0 9 0 . 8 0 0 5 3 . 6 3 2
E r r o r 8 1.  763 1 0 . 2 2 0 4
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A n a l y s e s  o f  v a r i a n c e  f o r  t h e  p r o v e n a n c e  e x p e r i m e n t
S o u r c e  o f  
v a r i a t i o n d f .
Sum o f  
s q u a r e s
Me an 
s q u a r e  s F
( v)  R e l a t i v e  g r o w t h  r a t e
P r o v e n  an ce 4 0 . 0 0 1 3 8 0 0 . 0 0 0 3 4 5 0 . 726
Day t e m p e r a t u r e 2 0 . 0 0 0 6 3 1 0 . 0 0 0 3 1 5 0 . 6 6 3  **
N i g h t  t e m p e r a t u r e 1 0 . 0 0 6 2 5 8 0 . 0 0 6 2 5 8 1 3 . 1 6 0
N i g h t  x p r o v e n a n c e 4 0 . 0 0 1 2 8 3 0 . 0 0 0 3 2  1 0 . 6 7 5
Day x p r o v e n a n c e 8 0 . 0 0 2 9 8 4 0 . 0 0 0 3 7 3 0 . 7 8 4
Day x n i g h t 2 0 . 0 0 0 0 8 7 0 . 0 0 0 0 4 3 0 . 09 1
E r r  o r 8 0 . 0 0 3  80 4 0 . 0 0 0 4 7 6
( v i ) N e t a s s i m i  l a t i o n r a t e
P r o v e n  an ce 4 0 .0 13592 0 . 0 0 3 3 9  8 0 . 3 6 2
Day t e m p e r a t u r e 2 0 . 2 0 0 1 8 3 0 . 100092 1 0 . 6 6 6 * *
N i g h t  t e m p e r a t u r e 1 0 . 0 0 2 0  75 0 . 0 0 2 0 7 5 0 . 2 2 1
N i g h t  x p r o v e n a n c e 4 0 . 0  14594 0 . 0 0 3 6 4 8 0 . 3 8 9
Day x p r o v e n a n c e 8 0 . 10 7361 0 . 0 1 3 4 2 0 1 . 4 3 0
Day x n i g h t 2 0 . 0  1026 1 0 . 0 0 5  131 0 . 5 4 7
E r r o r 8 0 . 0 7 5 0 7 5 0 . 0 0 9 3 8 4
( v i i ) Le a f a r e  a r a t i o  ( 1 )
P r o v e n  a n c e 4 5030  . 0 5 7 1 2 5 7 . 5  14
* *
9 - 0 8 5 **
Day t e m p e r a t u r e 2 1 3 1 1 1 . 7 6 2 6 5 5 5 . 8 8 1 4 7 . 3 6 3 *^ *
N i g h t  t e m p e r a t u r e 1 2 3 6 2 4 . 2 7 5 2362 4 . 2 7 5 1 7 0 . 6 7 5
N i g h t  x p r o v e n a n c e 4 1 4 2 5 . 6 5 8 3 5 6 . 4 1 5 2 . 5 7 5
Day x p r o v e n a n c e 8 2 9 3 4 . 9 5 2 3 6 6 . 8 6 9 2 . 6 5 0
Day x n i g h t 2 202 .5 13 10 1 . 256 0 . 732
E r r o r 8 1 1 0 7 . 3 3 4 1 3 8 . 4 1 7
( v i i i ) Le a f a r e a  r a t i o  (2)
P r o v e n  an ce 4 5 5 3 4 . 5 5 8 1 3 8 3 . 6 4 0 6 . 2 2 0 * *
Day t e m p e r a t u r e 2 1 5 9 5 6 . 4 3 9 79 7 8 . 2 2 0 35 . 86 3.* *
N i g h t  t e m p e r a t u r e 1 35 39 8 . 3 6 2 3539  8 . 3 6 2 159 . 120
N i g h t  x p r o v e n a n c e 4 195 7 . 5 9  1 4 8 9 . 4 0 0 2 . 2 0 0
Day x p r o v e n a n c e 8 10 7 0 . 3 2  1 133 . 790 0 . 6 0 1
Day x n i g h t 2 232 4 . 5  89 1162 . 2 9 5 5 . 225
E r r o r 8 1779 . 7 0 6 2 2 2 . 4 6 3
2 2 3
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A n a l y s e s  o f  v a r i a n c e  f o r  t h e  p r o v e n a n c e  e x p e r i m e n t
S o u r c e  o f  
v a r i a t i  on d f .
Sum o f  
s qu a r e  s
Me an 
s q u a r e  s F
( i x )
P r o v e n  an ce
Log s h o o t / l o g  r o o t  0 0
4 0 . 0 6 4 5 2 0 . 0 1 6  13 1 . 5 5 4
Day t e m p e r a t u r e 2 0 . 09  827 0 . 0 4 9  14 4 . 7 3  4.  *
N i g h t  t e m p e r a t u r e 1 0 .0 8335 0 . 0 8 3 3 5 8 . 0 3 0
N i g h t  x p r o v e n a n c e 4 0 . 0 5 4 6 2 0 . 0  1366 1 . 3 1 6
Day x p r o v e n a n c e 8 0 . 0 5 0 3 1 0 . 0 0 6 2 9 0 . 6 0 6
Day x n i g h t
y ( l )
0 . 0 5 3 0 5 0 . 0 2 6 5 3 2 . 5 5 6
E r r o  r 0 . 0 7 2 6 7 0 .0 1038
( x )  L o g ^ r o o t w t / l o g e t o t  a l wt
P r o v e n  an ce 4 0 . 0 2 3 9 4 5 0 . 0 0 5 9 8 4 2 - 4 3 1 * *
Day t e m p e r a t u r e 2 0.  107022 0 . 0 5 3 5 1 1 2 1 . 7 4 0
•k  •k
N i g h t  t e m p e r a t u r e 1 0 . 0 7 3 9 7 4 0 . 0 7 3 9 7 4 3 0 . 0 5 3
•k
N i g h t  x p r o v e n a n c e 4 0 . 0 3 8 8 0 5 0 . 0 0 9  701 3 . 9 4 1
Day x p r o v e n a n c e 8 0 . 0 6 3 2 7 4 0 . 0 0 7 9 0 9 3 . 2 1 3 .*
Day x n i g h t 2 0 . 0 3 9 1 4 6 0 . 0 1 9 5 7 3 7 . 9 5 2
E r r  o r 8 0 . 0 1 9 6 9 2 0 . 0 0 2 4 6 1
Cxi ) L o g e s tern w t /  l o g e t o t a l w t
P r o v e n  an ce 4 0 . 152706 0 . 0 3 8 1 7 7 2 . 49 9
Day t e m p e r a t u r e 2 0 . 0 5 0 4 2 2 0 . 0 2 5 2  1 1 1 . 6 5 0 * *
N i g h t  t e m p e r a t u r e 1 0 . 3 4 2  807 0 . 3 4 2  807 2 2 . 4 4 2
N i g h t  x p r o v e n a n c e 4 0 . 0 3 6 4 6 6 0 . 0 0 9 1 1 7 0 . 5 9  7
Day x p r o v e n a n c e 8 0 . 1 6 5 3 6 0 0 . 0 2 0 6 7 0 1 . 3 5 3
Day x n i g h t 2 0 . 0 3 0 5 3 8 0 . 0  15269 1 . 0 0 0
E r r o r 8 0 . 1 2 2 2 0 3 0 .0 152 75
( x i i )  L o g e l e a f  w t /  1 og^ t o t a l  wt
P r o v e n  an ce 4 0 . 0 2 7 6 5 3 0 . 0 0 6 9 1 3 1 . 182
Day t e m p e r a t u r e 2 0 . 0 2 6 9 5 6 0 . 0 1 3 4 7 8 2 - 3 0 4 * *
N i g h t  t e m p e r a t u r e 1 0 . 0 6 6 6 9 4 0 . 0 6 6 6 9 4 1 1 . 4 0 2
N i g h t  x p r o v e n a n c e 4 0 . 0 3 0 4 5  7 0 . 0 0 7 6 1 4 1 . 3 0 2
Day x p r o v e n a n c e 8 0 . 0 6 3 2 0 9 0 . 0 0 7 9 0 1 1 . 3 5 1
Day x n i g h t 2 0 . 0 1 1 9 4 4 0 . 0 0 5 9 7 2 1 . 0 2 1
E r r  o r 8 0 . 0 4 6 7 9 6 0 . 0 0 5 8 5 0
( 1 )  M i s s i n g  p l o t  e s t i m a t e d .
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